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. neither would you use the Cutanit tool you bought for 
machining steel to machine plastics. But there is another 
Cutanit tool in another grade of Cutanit that will exactly suit any job 
of machining you have to carry through. Aluminium, soft or hard Brass, 
Cupro Nickel, Cast Bronze, Copper, Marble, Slate, Plastics, Wood, or any 
other material, ferrous or non-ferrous, metallic or non-metallic—we can 
supply a Cutanit tool that will help you to get the best out of your 
machine tools. With Cutanit Cemented Carbides it is possible to 
achieve the best cutting conditions for every material, whether it is 
tough or hard or abrasive. 

If you are not familiar with the use 
of Cemented Carbides, “CUTANIT 
SERVICE”, the acknowledged guide 
to their application will certainly 
interest you. We shall be happy 
to send you a copy free on request. 
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High Production Must Continue 


N several occasions recently, when travelling in 
crowded trains or ‘buses, the writer has heard 
that production in certain works is easing down, 

and from the conversation it is apparent that some 
workers engaged on production for war purposes are 
under the impression that the need is not now so great. 
This is an obvious fallacy, because far greater demands 
are made on industry for offensive than for defensive 
warfare. To make any advance, the weight of armour 
which can be brought to bear upon a particular area 
has a major influence ; it is true that it must be used 
to the best advantage, and ruthlessly, against stern 
opposition, but it must be available to the attacking 
force if success is to be achieved. 

It will be appreciated that the guns of the Navy saved 
the Sicilian beaches from thrusts by armoured tanks of 
the enemy. But the invasion of Sicily is also providing 
an excellent example of the application of air power. 
In each successive phase of the war the use of the 
aeroplane, both as an independent force and as a support 
to the sea and land forces, has been increasingly appre- 
ciated. Experience during the earlier Middle East 
campaign, when the three Services’ striking force was 
forged, has proved of great value, and the Sicilian 
campaign is showing the possibilities of future operations 
on the European continent. The invasion of Sicily has 
shown for the first time that a force, separated from its 
objective by a stretch of sea, has been able to establish 
air superiority over the enemy’s territory, deny to the 
defenders the use of their own air bases, ard occupy the 
enemy’s bases with its own aircraft from across the 
dividing sea. 

It is the tremendous output of arms, however, that 
has made an invasion of this character possible. For 
two years or more production of arms of all kinds has 
been on a gradually increasing scale ; records have been 
made only to be broken by new records, and to-day 
it is probable that in aircraft and tanks the production 
of this country exceeds that of Nazi Germany, indeed 
the Minister of Production, Mr. Oliver Lyttleton, asserts 
that over the whole field of war production, naval and 
other shipbuilding, army munitions and aircraft, the 
production of the British Commonwealth is now lerger 
than that of Germany, Austria and Czechoslovakia put 
together. But that is no reason for slackening our efforts. 
‘here is much yet to be done 
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ness, however, is doubtful, for few are likely to forget 
the atrocities perpetrated in conquering Poland, Holland 
Belgium, France and part of Russia. The conquering 
Allied Forces are not likely to use such methods, but 
only unconditional surrender will save the enemy from 
the severities which our greater arms output will 
ultimately inflict upon them. 

Let us enjoy the satisfaction we feel after having 
lived through years of unrelieved suspense, anxiety, and 
indeed actual terror, but do not allow this elation to 
interfere with our purpose or cause us to slow up in 
supplying the needs of the Forces. However much we 
may succeed against Fascist Italy, Germany remains 
immensely strong. All the resources of Europe are still 
at her command. Apart from the recent successes of 
the Soviet Union and the persistent bombing attacks 
of British and American air forces on Germany’s vital 
war industries no serious attempt has yet been made to 
get at grips with German land forces through her con- 
quered territories and the Japanese menace remains 
serious. Increased production will continue to be an 
essential requirement to effect the unconditional sur- 
render of Germany, Italy and Japan. 

There is another aspect of the production problem 
which is not always appreciated and which may be 
responsible for the easing up of certain types of munitions. 
The needs of Forces change very considerably, depending 
upon the accumulation of reserves in hand and the 
changing character of the various battle fronts. Since 
the North African campaign enormous stocks of 
munitions have been built up for the attack on Sicily in 
anticipation of a severe struggle, but the combined 
efforts of the various Forces have been successful at 
relatively low expenditure of these munitions and ample 
supplies are available, especially those required by the 
Army. Invasion operations, however, make special 
demands on shipping and upon aircraft, since troops, 
supplies and equipment must be carried over the sea, 
It is reported, for instance, that 3,000 vessels were used 
for the invasion of Sicily, and these were ably supported 
by aircraft. Obviously, therefore, any easing up of work 
on munitions for the land Forces must be more than 
covered by increased efforts in the production of ships, 
of aeroplanes, and of other equipment needed for 
amphibious landings. It has, in fact, been stated by 
the Minister of Production that increased total pro- 
duction is planned for 1944. It is probable that these 

changes would be better under- 
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The fact that goods made of raw materials in 

short supply owing to war conditions are 

advertised in ‘‘ Metallurgia’’ should not be 

taken as an indication that they are necessarily 
available for export. 
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Women in Industry 


HE gradual depletion of men in industry to serve 
_™ in the Forces has raised many problems. In view 
of the increasing demands for munitions of all 
kinds, the most serious problem arose from labour 
shortage, but this has now been largely overcome bv the 
magnificent contributi n women are now making in 
smoothing out the difficulties. Since Dunkirk women 
have become associated with industry in increasing 
numbers and have greatly assisted the concerted efforts 
to increase production to a level made essential by the 
emergency. 

The introduction of women to industry, of course, is 
not pew; in many industries, like the textile industry, 
women operatives predominate, even in normal times, 
and in many respects they have shown skill and ability 
of a high order, and certainly not exceeded by men 
operatives. Ip the present emergency, however, the 
contribution of women in industry far exceeds that 
ever experienced in the history of this country. Con- 
siderable assistance was given by women during the last 
yreat war, but the greatly increased mechanisation of the 
Forces and the more widespread character of the present 
conflict intensified the labour shortage and the co- 
operation of a greater number of women workers has 
been invaluable. 

Women from all walks of life have responded to the 
country’s need in an excellent manner, and, to a sur- 
prising extent, they have entered industries that were 
formerly wholly staffed by men, Even in heavy iron 
and steel trades, including the iron foundry, women are 
performing skilled and semi-skilled operations. Indeed, 
there are few industries that do not employ a consider- 
able proportion of women. It is true, of course, that the 
machine shops employ the major number; some are 
almost entirely run by women and their output com- 
pares favourably, both in quality and quantity, with the 
output from shops mainly operated by men. In some 
cases foundries are being run almost entirely by women, 
and very successfully, though these are of an exceptional 
character, 

The success that women have undoubtedly achieved 
in industry is on a higher plane than has previously been 
experienced in this country. This is probably due, in a 
larger measure, to the greater care given to the training 
of suitable women for particular operations, an example 
of which is discussed elsewhere in this issue, in which is 
given a complete scheme for the training of women 
assistants in steelworks laboratories, together with a 
consideration of the results achieved. Generally, women 
have responded exceedingly well to intensive training 
designed to fit them for particular operations, and have 
adapted themselves readily to workshop conditions. It 
is noteworthy also that there has been a real effort to 
improve conditions in workshops in order to meet the 
more exacting demands of women workers ; this is all 
to the good and will have a considerable influence on the 
general improvement of working conditions for ail 
operatives 


ERRATUM 


Will readers please note that the illustrations over 
Figs. 7, 8 and © on page 75 in our June issue should be 
reversed—i.e., the illustration over the caption Fig. 9 
should be over that of Fig. 7, and that over Fig. 7 
transposed over the caption Fig. 9 
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The Education and Training of 
Physicists 


HE Board of the Institute of Physics has just issued a 

Report* on the Education and Training of Physicists, 
which has been prepared for it by a strong Committee 
under the chairmanship of Sir Lawrence Bragg. Its 
main object is to outline, in a series of succinct recom- 
mendations, proposals that will ensure to intending 
physicists an education that will enable them to mak¢ 
their fullest contribution to the service of the com- 
munity. The Report expresses its recognition of the 
valuable features of existing courses, and has no desire 
to see changes made merely to embody them in some 
uniform educational system. The central theme of the 
Report is the necessity for a physicist to have a broad 
education to fit him both for co-operation in’ a team and 
for leadership in posts of high responsibility. 

The present scholarship system is criticised, and its 
replacement, in general, by a modified system of State 
bursaries is recommended. The spending of all three years 
of undergraduate study in an Honours School of Physics 
to the virtual exclusion of other sciences is considered 
to be undesirable specialisation, and a general course 
in science is recommended as the normal University 
prelude to an intensive study of physics. The 
necessity for physicists to keep abreast of the rapid 
developments of the subject, and of its applications in 
industry, is reflected in a recommendation that arrange- 
ments should be made for post-graduate courses both 
on the theoretical and experimental side of physics. 

An increased study of English language and literature 
is strongly urged in order that physicists may be able * to 
express themselves in clear, precise and attractive 
English.” A knowledge of foreign languages is also 
considered to be important, and to be a normal part of a 
research physicist’s equipment. The functions of the 
technical colleges in an industrial society is emphasised, 
and must be kept distinct from those of the universities. 

The adoption of a state bursary scheme, whereby 
all those who show sufficient ability to profit by it, 
irrespective of the private means available to them, will 
be able to receive a full time university education will, 
the Committee hopes, enable the technical colleges to 
concentrate on their special activities by relieving them 
of the necessity of preparing students for external 
university degrees. It is recommended that the 
technical colleges should provide courses in branches of 
technical physics on the lines of those for national 
certificates and diplomas, and that students who take 
these should be enabled to obtain some recognised 
professional qualification in physics. Wherever possible, 
it is recommended that the instruction should be given 
in the daytime. 

The Committee considers that many students of 
physics would benefit from some direct contact with 
industry as part of their training ; various ways of doing 
this are mentioned, but the Committee “ think it in- 
advisable to prescribe which of these is the best solution, 
as much depends on the character of the student and the 
facilities available.” 

The importance of the study of the natural sciences in 
a well-balanced general education is stressed and a plea 
entered for presentation of physics to pupils through 
their natural interest in everyday objects. 


Copies can be obtuined gratis from The Institute of Physics, 
University, Reading, Berks, 
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The Training of Female Assistants 


for Steelworks Laboratories 
By M. B. Thompson, Ph.D., A.R.S.M., B.Sc., and R. Belcher, F.I.C. 


At the request of the Ministry of Labour and the Board of Education, courses for the 
training of female assistants for steelworks laboratories are being held in the Metallurgical 


Department of the Rotherham College of Technology and Art. 


Details of the method 


of training are given, together with a general discussion of the results obtainable. 


WING to the accelerated call-up of the younger 
age categories among men many steelworks are 
having to turn to girl labour for their laboratories. 

In normal times youths of sixteen to eighteen were 
usually recruited for this purpose from local secondary 
and technical schools, a school certificate, or equivalent, 
being the standard of education generally required. On 
starting at the works the boy would be put on to simple 
analyses and trained by the existing staff, this training 
being augmented by attendance at the technical college 
during the evenings of the winter session. This pro- 
bationary period might last between six months and 
two years, depending on the adaptability of the boy 
himself and on the time that could be given to his 
initiation by the older and more-experienced chemists. 
Probably two years would be the minimum period 
before even the quickest pupil could be regarded as 
being really competent in more than a very few set 
analyses, although no doubt in these few he would 
acquire considerable skill in a shorter period. 

At the present time, however, the depleted staffs have 
not the time to give to this training, nor are the boys 
forthcoming. Government bursars and cadetships are 
proving more attractive ; moreover, the works them- 
selves are disinclined to waste precious time in training 
youths who, most likely, will be called up before they 
become of real value. Hence, girls are being recruited 
more and more into the laboratories ; and if these could 
be trained externally, so much the better for the works. 

In response to an enquiry from the Board of Education 
and the Ministry of Labour, it was decided to attempt 
such a course in the Metallurgical Department of the 
totherham College of Technology and Art. This course, 
which it is believed was the only one of its kind in the 
country at the time of its commencement,has completed 
the training of one group of girls, and almost that of a 
second; and since it is felt that a record of this work 
may be of interest to steelworks’ chemists, particularly 
those who have contact with young assistants, the 
following rather detailed account is given. Nothing 
very special is claimed about the methods adopted, and 
since it seems probable that these courses will continue, 
any constructive criticism and suggestions are invited, 
and will be welcomed. 

It was agreed that the course should be a full-time 
one of 33 hours per week for 12 weeks, and that the 
humber of girls accepted in any one group be restricted 


to 14. The Ministry of Labour recruited the girls, who 
were described as either having the school certificate, 


or as being of that standard. The ages varied between 


17 and 21 in the first group ; but in the second the upper 
limit was increased to 26, and the Ministry paid either a 
wage or a subsistence allowance, depending on the age 
of the recruit, during the period of training. These girls 
came from various districts within a radius of 15 miles 
from the college, and there was an understanding that 
they would be found employment in districts as near 
their homes as possible. 

The course was started in the first instance as the 
result of a request from one particular firm. Con- 
sequently a syllabus was drawn up and submitted to 
the firm concerned, who accepted it practically in toto. 
This syllabus was based on the assumption that the 
girls would have a fair grounding in chemistry and 
sufficient knowledge of elementary mathematics to 
enable them, without difficulty, to make simple calcu- 
lations involved in the use of standard solutions, factor 
weights, etc. It was planned to give lectures in chemistry, 
iron and steel analysis, laboratory technique, and iron 
and steel manufacture, the remaining time being divided 
between the metallurgical and chemistry laboratories. 

When the girls presented themselves on the first 
morning of the course, however, it was discovered, with a 
profound shock that only 10 of them had a school 
certificate, and of these only one had any knowledge of 
chemistry whatever. This altered the whole scheme at 
once. It was felt that only the barest outline of elemen- 
tary chemistry could be taught in the time available, 
and most of the theory underlying the methods of iron 
and steel analysis had to be omitted. 

The following is an account of the syllabus as it 
finally emerged :— 


Technique (Lectures and 
Demonstrations ) 


Laboratory 


Use and care of balance and weights; marking of 
glassware and porcelain. Filtration; types of papers, 
pleated, and paper-pulp. Filtering through asbestos, in 
funnels and in Gooch crucibles; preparation of the 


asbestos ; filtering through sintered glass, silica and 
porcelain. Filter sticks: ‘‘ bobbying”’ and pouring. 


Cleaning of glassware, pipettes and burettes; how to 
use them, how to clean them, how to leave them, and 
how to grease them. Desiccators, types, cleaning of 
them. Uses of different dessicants. Boring of corks and 
stoppers. Heat insulation of wash-bottles ; finger stalls. 
Care of platinum. Removal of * frozen’”’ stoppers. 
Bending, sealing, drawing and joining of glass tubing. 
Setting out of results in a neat and orderly manner in 
note-books. 
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Elementary Chemistry Lectures 

Atoms and molecules ; elements, mixtures and com- 
pounds, General chemical laws. Equivalents and valency. 
Types of analysis; principles of gravimetric and 
titrimetric determinations. Brief mention of electrolysis, 
ionisation ; acids, bases and salts; strong and weak 
electrolytes. Meaning of pH, buffers. Types of indicators; 
primary and secondary standards ; use of some organic 
precipitants. Standard solutions ; 
factors. 

Calculations 

Calculations involved in the Laws of Definite and 
Multiple Proportions Equivalents. Calculations 
involved in the use of standard solutions used in the 
practical classes—e.g., acids and alkalis, potassium 
permanganate and dichromate; ferrous ammonium 
sulphate, sodium oxalate, sodium arsenite, ceric sulphate, 
mercurous nitrate ; iodine and sodium thiosulphate, ete. 
(the equivalent of the above being given in a tabulated 
list). 

Calculations involved in the analyses—e.g., man- 
yanese by persulphate and bismuthate methods ; 
phosphorus by the titrimetric and gravimetric methods. 
Principle of back titration. Gravimetric calculations, 
e.g., sulphur in barium sulphate. How factor weights 
of steel in various determinations are arrived at 


Exercises in Practical Chemistry 

The following determinations were actually — per- 
formed by all the trainees : 

(1) Equivalent weight of magnesinm by (@) volume of 
hydrogen evolved, (6) ignition to oxide. 

(2) Preparation of N 10) sodium carbonate and 
standardisation by this solution of hydrochloric acid, 
using methyl orange. Determination of (a) two solutions 
of sodium hydroxide, (6) two solutions of sodium 
carbonate, (¢) two solutions of borax. (These deter- 
minations were repeated several times on fresh solutions 
to improve general titrimetric technique.) Titration of 
sodium hydroxide and hydrochloric acid to equivalence 
point, evaporation to dryness, and weighing of the 
residue. Determination of sodium carbonate (and water 
of crystallisation) in washing soda crystals. Deter- 
mination of strength of a given solution of (a) sodium 
hydroxide, and (6) sodium carbonate, using (1) methyl 
orange, (2) phenolphthalein, to illustrate the principle 
of double titration. Determination of both sodium 
hydroxide and carbonate in a mixture, using this method. 
Determination of mixtures of sodium and potassium 
carbonates and of sodium carbonate and bicarbonate, 
by double titration. Determination of ammonia in 
ammonium chloride, sulphate and nitrate by the 
indirect method, using methyl red. 

(3) Gravimetric determinations. Water of crystallisa- 
tion in hydrated barium chloride ; sulphur in sulphuric 
acid, using the barium-sulphate precipitation. Prepara- 
tion of Gooch crucibles. Determination of chlorine in 
sodium chloride by precipitation as silver chloride ; 
magnesium in Epsom salt by ignition to the pyro- 
phosphate after precipitation as the magnesium- 
ammonium salt, 

(4) Argentinetry. Determination of chlorine by (a) 
Mohr’s method, (6) Volhard’s method, (¢) Fajan’s 
method, using adsorption indicators. Four different 
determinations were made by each method, using 
different salts 


(5) Potassium permanganate. Standardisation by 


meaning and use of 
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sodium oxalate. Determination of factor on ferrous 
ammonium-sulphate solution. Determination of iron in 
a given solution of a ferrous salt ; of iron in iron aluin 
by (a) Reinhardt-Zimmerman method, (6) sulphur- 
dioxide reduction ; of both ferrous and ferric salts in a 
solution, using both methods. Determination of man- 


ganese in manganese dioxide ; of lime in limestone ; of 
chromium in potassium dichromate. Determination of 


strength of hydrogen peroxide. 

(6) Potassium dichromate. Preparation of standard 
solution. Redox indicators, diphenylamine and sodiuin- 
diphenylamine sulphonate. Determination of iron in 
ferrous sulphate ; and in iron alum by both reduction 
methods previously used; and in iron wire. Ferrous 
and ferric iron in a solution of both salts. Lead by lead- 
chromate precipitation. 

(7) lodometry and iodimetry. Preparation of sodium- 
thiosulphate and standard iodine solution. Preparation 
of starch solution. Standardisation by (a) potassium 
iodate, (b) potassium dichromate. Determination of 
copper in copper sulphate; of lead in lead nitrate ; 
determination of strength of hydrogen peroxide ; of 
iron in iron alum and in ferrous sulphate (after oxidation); 
of sulphur in sulphides; of sodium sulphite in the 
crystallised salt. 

(8) Ceric sulphate (indicator—xylene cyanol FF). 
Indirect standardisation by sodium oxalate. Determina- 
ation of iron in ferrous sulphate; and in ferric alum 
(after reduction by sulphur dioxide). Determination of 
potassium ferrocyanide. 

(9) Mercurous nitrate. Standardisation by ferric- 
alum. Determination of iron in ferric-alum solution, and 
in ferrous-sulphate solution (after oxidation). Of ferrous 
and ferric iron in a solution of both salts. 

(10) Gravimetric methods using organic reagents. 
Determination of nickel, using dimethyl glyoxime ; of 
aluminium, by 8-hydroxyquinoline; of cobalt, by 
a-nitroso B-naphthol; of molybdenum, by a-benzoin 
oxime ; and of titanium, by cupferron. 

(11) Colorimetric analyses. Method of colorimetric 
titration used, different solutions being given out. 
Eight determinations, on each of the following solutions, 
were carried out—iron, copper, manganese, vanadium 
and titanium. Description of the “* Spekker.” 

(12) Potassium bromate. Preparation of standard 
potassium bromate ; standardisation of sodium thio- 
sulphate. Determination of aluminium, magnesium, 
zine and cadmium by oxine-bromate finish. 

Lectures in Iron and Steel Manufacture 

These were purely of a descriptive nature, freely 
illustrated by lantern slides. They included a_ brief 
description of the method of producing pig iron from 
iron ores ; wrought iron by puddling ; and steel by the 
crucible, cementation, open-hearth and Pessemer pro- 
cesses. The effect of the common impurities and alloy- 
ing elements on steel was dealt with, and the reasons 
for analysis explained. 

Steel Analyses 

The following methods were carried out :— 

(1) Determination of silicon; purification of the 
residue. 

(2) Determination of manganese by (a) persulphate- 
arsenite, (6b) bismuthate-ferrous-ammonium sulphate : 
(c) zine oxide separation with bismuthate finish; (¢) 
Ford Williams’ chlorate method; (e) bismuthate- 
arsenite. 
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3) Phosphorus by (a) lead-molybdate method, 
(b) titrimetric method. ; 

+) Carbon by combustion (a) in plain carbon steels, 
(b) in alloy steels. 

(5) Sulphur (a) gravimetric, (6) evolution, (c) com- 
bustion. 

(6) Chromium by (a) Vignal’s method, (6) the per- 
sulphate method, (c) combined chromium and manganese 
method. 

(7) Vanadium in chrome-vanadium steels after (a) 
Vignal’s method, (0) the persulphate method, for the 
determination of chromium. 

(8) Nickel by (a) glyoxime, (6) glyoxime, followed by 
cyanometric finish. 

(9) Tungsten. 

(10)*Molybdenum (a) by lead molybdate in formic- 
acid medium, (6) by a-benzoin oxime. 


In designing the course two objectives were aimed 
at—to make each girl, in the time available, as con- 
versant as possible with laboratory technique ; and also 
to give her a training such that, at the conclusion of 
the course, she would be able to go straight into a steel- 
works laboratory with a general knowledge of the main 
methods of routine analysis, and be able to perform 
them with adequate accuracy. 

Until the Sub-Committee of the Iron and Steel 
Institute takes it upon itself to standardise all these 
methods it will be impossible to do more. But at the 
conclusion of this intensive training period the girls 
should have had sufficient experience of general methods 
of analysis to be able quickly to adapt themselves to the 
slight differences of procedure existing as between one 
works and another. The speed which most laboratories 
expect of their routine chemists would have to come with 
practice; although it must be admitted that the 
trainees did, in fact, attain a fair degree of speed by 
the end of the course. In the “ passing-out ” test at 
the end of the course typical question papers set were : 
“Determine the manganese in the 25 steels by the 
persulphate method ” ; and ** Determine the silicon in 
the four given steels, and the phosphorus by the 
titrimetric method in the 12 given steels,” ete. Seven 
hours were allotted to the test, and all the girls completed 
the work set with a quite good degree of accuracy. 

Of the 33 hours’ work each week, 16 were spent on 
steel analysis, 11 on practical chemistry, and the remain- 
ing six were given over to lectures, including talks and 
discussions on difficulties as they arose. The rather 
large programme of quantitative chemical exercises was 
devised to give the practice in various chemical 
operations, principles of volumetric and gravimetric 
determinations, use of indicators, and powers of mani- 
pulation that constitute laboratory technique. Most, if 
not all of the determinations, are such as may be 
encountered in a modern laboratory, embodying the 
same principles which are used in some of the steel 
determinations not included in this course. If, later on, 
in the works the girls come in contact with such methods 
—for example, the use of organic precipitants—they 
should feel less at a loss as a result of some of the time 
spen' in the chemistry laboratory. Moreover, these 
chen ical determinations appeared to the girls quite 
different from the metallurgical ones—probably because 
stee’ was not involved, and also, perhaps, because they 
took place in a different laboratory,—and this helped, 
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we feel sure, to break up what might otherwise have 
proved too concentrated a course. 

As regards the steel analyses, it will be seen from the 
following table how many determinations were carried 
out, and by how many of the girls. It is explained later 
why all the girls did not complete all the methods. 
These figures refer to the first group of trainees. 


rABLE I, 


Total Number 
of Determinations 
carried out by 
the Group. 


Number of 
Girls who 
did it, 


Determination. 


Silicon ..... owe menune . ‘ 138 All 
Manganese : Persulphate-arsenite ........ 300 All 
Bismuthate-ferrous ammonii 
sulphate ‘ 173 All 
Zine-oxide separation, bis- 
muthate finish lid All 
Ford Williams . 4 All 
Bismuthate-arsenite *. 30 ‘ l 
Phosphorus: Gravimetric ..... “ee 115 All 
ritrimetric .. oa 247 All 
Carbon : Combustion (plain carbon 
and alloy steels) 146 13 
Sulphur : Gravimetric ... ° 36 6 
Evolution il? All 
Combustion . chavensaues lio Hi 
Chromium : Vignal’s method : 133 All 
Persulphate method 117 All 
Vanadium : In chrome-vanadium steels ot 13 
Nickel; Dimethyl glyoxime, with 
cyanometric finish 97 12 
Tungsten (with silicon) . ; ; ‘ 32 6 
Molybdenum; Lead molybdate (in formic 
SEER) 2200+ oe o* a4 4 
G-benzoin oxime , lo } y 


Chromium-manganese combined method... 37 6 


As might be expected, some of the girls showec more 
aptitude than others; the best of the group showed 
quite surprising dexterity and accuracy by the end of 
the course ; and, judging by our own observations, and 
the reports that have been received from the chief 
chemists of the works to which the girls have been 
allocated, the experiment has been fully justified. In 
the case of two or three girls, it became obvious during 
the progress of the course that they were not going to 
acquire the same degree of skill as the rest; it was 
decided, therefore, in their cases, to omit some of the 
determinations and to spend extra time on repeating 
some of the others. In this way it was possible to train 
them to acquire adequate skill in s:me methods; and 
this seems to have worked out satisfactorily. The works 
to which they went were so informed. Where it was 
known to which firm a girl was to be attach d, it was 
possible to give her practice in one or two methods 
the details of which were somewhat different as applied 
by that particular firm. This explains why all the girls 
did not complete all the determinations, and why in 
some cases only a relatively small number of girls did 
certain determinations a large number of times. Never- 
theless, although this procedure was in fact adopted in 
the case of the first group, we do not consider it to be 
desirable to attempt to train girls in the details adopted 
by any particular firm. For one thing, it is not always 
possible to be sure to which firm a girl will ultimately 
go, and it requires more supervision than can be given 
in the short time available. 

While everything was done to make the working 
conditions of the girls as pleasant as possible, neverthe- 
less the discipline demanded was fairly rigorous ; 
although, towards the end of the course, when it had, 
become obvious that they were working hard, and were 
keen, some aspects of it were relaxed slightly. Strict 
punctuality was insisted upon throughout ; they were 
not allowed to talk in the balance-rooms, nor were they 
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allowed in the balance-room at all if there were no 
vacant balances. Gossiping in the laboratories was 
severely frowned upon. An early epidemic of comparing 
results was discovered and (we think!) effectively 
discouraged. All experiments had to be neatly written 
up in note-books provided, and on the results of the steel 
analyses completed each week an “ Honours List ” was 
pinned up containing the names of the three girls who 
had done the best during that week. A test in calcula- 
tions, which was also held each week from the fifth week 
onwards, produced another merit list. Both of these 
proved most popular, the eagerness with which both 
lists were scanned each week testifying to the girls’ 
keenness, and to the success of stimulating the com- 
petitive spirit. 

Incidentally, the classes in calculations brought to 
light the surprising fact that hardly any of them under- 
stood the principles of simple proportion, in spite of the 
fact that 18 of the 28 girls in the two groups had 
obtained the school certificate. It was necessary to 
teach this first before anything else coul1 be done. 

It has been mentioned that some of the girls showed 
considerable skill. One particular girl developed such 
truly amazing accuracy and speed that she had always 
finished the number of determinations set before most 
of the others were halfway through. At first she was 
viven further steels to analyse until the others had 
caught up. Later it was decided to turn her enthusiasm 
and accuracy to better account. It is difficult, in a 
college where so much time has to be devoted to actual 
teaching, especially at the present time, to test out the 
merits of new methods which are constantly being put 
forward. This seemed a good opportunity; and so 
this student, under supervision, was allowed to try out a 
number of methods on which we had for some time 
desired information as to their suitability in student 
hands. Among those tested have been: (a) the Barfoot- 
Forsyth method for simultaneous determination of 
chromium and manganese! : (6) the Kolthoff method for 
chromium and vanadium?; (c) the mixed arsenite- 
nitrite reagent of Kolthoff*; (d) the benzotriazole 
method for copper.’ 

Since the recruitment of further girl laboratory 
assistants seems likely to continue, it is interesting to 
analyse the first two groups dealt with from the aspects 
of age, previous education, and previous employment, 
in an attempt to discover whether any conclusion can be 
arrived at as to the most suitable type for this kind of 
employment. 

The following figures refer to the first two groups 
dealt with under this training scheme—i.e., 28 girls in 
all. 


ABLE I AG 


PREVIOUS OOCTPATION 





Juty, 19438 


The “ miscellaneous ’’ consisted of a nurse, a public 
library assistant, a post office teleprinter, and a sorter 
in a glass-works. 


rABLE IV.—EDUCATION. 


Held School Held School Little « 
(ieneral No Certificate, Certificate, No 
Secondary Secondary but not in including Knowledg 
Education Education, Chemistry. Chemistry. Chemist: 
6 13 5 23 


rABLE V ANALYSIS OF THE SIX BEST AND SIX WEAKES' 
STUDENTS, 
Previous 
Secondary School Knowledge 
Ave Occupation, Education, Certificate, ot 
@ lw mistry 
A 1% Clerk ‘ Yes Yes N 
| Is 19 Shop assistant .. Yes No Nil 
Rest ( 1 Shop assistant Yes Yes Nil 
_ ,p pal) Not employed Yes Yes Sch. Cert, 
(! 26 Gilass works sorter Yes Yes Nil 
1 17 Clerk Yes Yes A litth 
‘j 25 lypist Yes No Nil 
| i Is Shop assistant . No No Nil 
I 17 lypist omnes No No Nil 
Weakest ¢ J “0 'ypist : No No Nil 
{i Is Shop assistant . No No Ni 
l 17 Direct from schoel Yes Yes Nil 


It is noteworthy that of the five girls who had a 
school certificate which included chemistry, only one 
appears in the list of the six best. 

Although not wishing to generalise too rigidly, we 
have come to the following conclusions, based on the 
above experience, with regard to the probable suitability, 
or otherwise, of a girl for this class of work :— 

(1) Previous occupation not important. 

2) Age (and also period which has elapsed since school- 
leaving days) is unimportant, at least up to 26. 

(3) Secondary education is desirable. 

(4) Previous knowledge of chemistry is immaterial. 

(5) The most important factors seem to be general 
intelligence and quick-wittedness, allied to reasonable 
manual dexterity. 

The work has proved very interesting, and at times 
not a little amusing. Many of the girls seemed a little 
afraid of the combustion apparatus; almost all of them 
were scared at first of a filter-pump in action. The 
highlight occurred during the first week, when silicon 
determinations were being done. The laboratory was 
undoubtedly getting rather filled with hydrochloric-acid 
fumes when it was noted that more than half of the girls 
were going about with vivid purple stockings ! Appar- 
ently the dye was acting as an indicator. Their relief 
in discovering that a little alkali, in the form of soapy 
water, restored the original colour, was overwhelming. 

At the conclusion of the course the girls are, of course, 
not chemists, but they are able to perform routine steel 
analysis, which is all that is required of them, and all 
that such a course can be expected to achieve. A short 
period in the works’ laboratories should increase their 
speed of working, when they should be equal in effect ive- 
ness to the younger boys, whom they have replaced. 


1 ind, F Chem An. Ed., 193 
Ind, Ena, Chem An. Ed. 1S 
Ind. Eng, Chen An. Ed 
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The Electric-Arc Preparation for 
Metal Spraying 


By W. E. Ballard, F.I.C., A.I.Mech.E, 


It is occasionally necessary to build metal on a very hard metal or alloy surface by 
means of the metal spraying process, and a difficulty is encountered in making a 


reliable contact. 


Using general tools readily available, the author describes a method 


which, with normal care, will ensure success: 


spraying do not normally alloy with the metal 

surface which receives them. Sometimes an after- 
treatment is given which causes an alloy to be formed, 
but such means are usually reserved for special purposes, 
such as the prevention of high-temperature oxidation by 
means of sprayed aluminium alloys, afterwards made 
integral with the surface by cementation. 

The adhesion of sprayed deposits is usually mechanical, 
and depends on interlocking on a microscopic scale with 
a suitably roughened surface. In the case of articles 
produced of glass, bakelite and wood, the surfaces are 
prepared by divers methods, but when the receiving 
surface is metallic, it is usually cleaned and roughened 
ready to receive the spray by means of grit-blasting with 
angular steel grit or grains of an aluminous abrasive 
such as “ blastyte.” This method is perfectly satis- 
factory, and is capable of very general application, a 
skilled operator being able to roughen the surface of 
quite fragile material without distorting it, or, by 
increasing the jet pressures, to deal with surfaces of 
considerable hardness. Commercially, shot-blasting is 
used to deal with articles not much larger than a match 
to cleaning and roughening acres of the surface of steel 
structures in situ. Major difficulties only appear in the 
case of (1) articles made of a comparatively soft metal 
of very light gauge, (2) narrow tubular orifices, and (3) 
hardened steel or alloy steel surfaces from which the 
abrasive removes the scale but does not roughen the 
surface appreciably. Practically all the metal-sprayed 
coatings for the prevention of corrosion are sprayed on 
surfaces roughened by grit-blasting. 

Of recent years metal spraying has entered the field 
of reclamation and deposits of steel, nickel, etc., are 
used for resurfacing worn shafts, etc. In this case, as the 
metallising pistol may be established in a machine-shop 
where grit-blasting is not available or desirable, another 
method of preparation of the surface has become com- 
mon Taking into consideration the necessity for 
mechenical interlocking, the surface of the part to be 
sprayed is given a rough screw-thread which is either 
cut dry or is afterwards degreased. The spray is applied 
dire to the clean threaded surface. The method used 
las been described frequently’ and need not be detailed 
here. Quite hard surfaces can be treated in this way, 
especially if the threading tool is of one of the hard 


T= deposits obtained in the prgcess of metal 


materials such as tungsten or boron carbide. In the 
ease «! case-hardened shafts, the case can be removed by 
erinding and the threading method then applied. The 


‘crew-thread preparation is satisfactory, and fractures 


tation of Worn Parts by Metal Spraying Institute of Auto 


ers. Jun., 1942. By W. E. Ballard, 


due to fatigue cracks commencing from the sharp 
indentations have not occurred, although many thousands 
of highly stressed shafts are in service after being treated 
in this way. 

It will be seen that in the cases of grit-blasting and 
rough-threading there is a common limiting factor which 
is surface-hardness. It is occasionally desirable to metal 
spray a part which has a glass-hard surface, which is not 
amenable to blasting or threading. In such cases a third 
method is available, that is by the use of the electric arc. 
The method is not of general usefulness and will certainly 
not compete economically or technically with the other 
methods, but it is useful in a limited number of particular 
cases. 

It has been described recently in the American Press,? 
but the suggestion is made that the method requires 
special apparatus. If a considerable amount of work: had 
to be done by the method perhaps the installation of non- 
standard electrical equipment may be justified ; but as 
in most cases the method will only be used for the odd 
job, it is as well to see what can be done with the general 
tools readily available, the necessity being some means 
of making a reasonably robust arc. 

The electric welding process depends on the use of an 
are for melting the surface to be welded, and usually 
the joint is made with molten metal deposited from a 
metallic electrode. Electrode makers strive to get a 
deposit which is not oxidised and giving a quiescent 
flow—i.e., without spluttering. Those familiar with are 
lights know the craters obtained in the electrodes, 
especially when direct current is used. The surface 
preparation now described is brought about by making 
use of the spluttering so carefully kept at the minimum 
by welders, and the product of craters at the point 
where an are is formed. 

There are in many engineering establishments already 
installed two types of machinery available for this work. 
They are :— 

(a) In plants carrying out plating or anodising, 
the motor generator giving direct current from 6 
volts upwards at considerable amperage. 

(6) In plants carrying out welding, transformer 
type welding sets giving alternating current of 
high amperage with an open circuit voltage usually 
over 60 volts. 

Either type of apparatus can be used to prepare a 
hard surface for spraying, but the surface obtained differs 
in appearance according to the current used. In the 
case of the D.C. plant the final result is a number of 
drops of weld metal arranged in a network around 

2 “ Preparation of Hardened Surfaces for Metallising. ren Age. Feb, 18, 

IMs. By W. C. Reid, 
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craters burned into the surface by the are (Fig. 1), but 
in the case of the A.C. equipment the craters are few and 
far between and the weld droplets larger and more 
oxidised (Fig. 2). This, of course, naturally follows from 
the higher voltage used. 

Taking first the method with the D.C. equipment, the 


Surface obtained with D.C. set. x 18. 





Fig. 2.-Surface obtained with A.C. set. x 18. 


current used is about 100 amps. and the voltage from 
6-10. In this case the electrode is from 5 to 8, 2mm. 
diam. steel wires bundled together at one end and slightly 
apart at the welding end. They are used as the negative 
pole, the work being the positive, so tending to produce 
greater craters. The ends of the electrodes are passed 
quickly over the surface and arcing occurs. <A rapid 
firm motion is necessary because if the passage is too 
slow the wires stick to the surface. The motion is 
repeated as often as necessary. Needless to say, whatever 
apparatus is used, the operator must be protected with 
welder’s goggles. If the wires heat up unduly, they can 
be quenched in a bucket of water. The work does not 
get unduly hot, and very little alteration of the structure 
of the base metal occurs. This is shown in the photo- 
micrograph, Fig. 3. After deposition the surface is 
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brushed with a wire brush, or preferably grit-blast 
The surface is quite successful as a basis for spraying 

In the case of the A.C. equipment, the voltage used is 
higher and the electrode is preferably a bundle of 25 to 15 
l-mm. steel wires, with from 5 to 10 1l-mm. nichroime 
wires spread through the bundle. Nickel wires do not 


Microstructure of sprayed metal, deposit 


Fig. 3. 
x 180. 


from electrode, and base metal. 
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appear to be so good as nichrome. The voltage open 
circuit is kept as low as possible with an amperage of 50 
upwards. In this case the electrode will need quenching 
more often, as it tends to heat up and the surface is 
more oxidised. It is not absolutely necessary to remove 
the scale, but if possible the final surface should be grit- 
blasted. 

In neither case is the process a rapid one, 3 sq. ft. pet 
hour only being prepared, but it does give a possibility 
of dealing with excessively hard surfaces. The surface 
formed is not so good as that obtained by other means. 
It should be remembered in both cases that the current 
value is high, and therefore if the method is carried out, 
as it can be, while the work is mounted in a lathe, the 
source of the current should not be connected to the 
work through the machine tool, but by means of @ 
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copper or carbon brush easily matle from parts of an 
old commutator. If the current flows through the bear- 
ings of a lathe, sparking can occur in the bearings, causing 
a good deal of difficulty. This is easily avoided by the 
insulated brush mentioned. The electrodes should be 
held in both hands by means of a suitable holder and 
passed rapidly across the surface. 

It is especially desirable to mention that the work 
must be done conscientiously and the surface treated 
properly covered or otherwise with spots of weld metal 
fairly widely distant, a surface will be formed which 
appears quite rough and which will recieve the sprayed 
metal quite well. If, however, the part has to be ground 
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to finished size and heavy pressure is used, the sprayed 
metal will tend to spread, and if the small hills are too far 
apart, it will lift between them as shown in Fig. 4. 

Electrodes of alloy steels have been tried, but the 
results do not show any improvement over those obtained 
with ordinary base steel. If anything, high-carbon 
0-7% C. steel is better than steels with a lower carbon 
content. Copper and nickel can be used, but the results 
are not so good as the particles deposited tend to be 
larger and more regular in shape. The idea behind the 
operation as described is to get the maximum amount of 
splutter with the smallest and most irregular drops of 
weld metal possible. 


Oil-Retaining Bronze Bearings 


N connection with one of the problems of power 
transmission—that is, shortage of ball, roller and 

needle bearings—the remedy for many applications is to 
use oil-retaining bronze bearings. For example, a large 
number of the small electric motors, so largely used, 
are already equipped with “Compo H” porous oil- 
retaining bronze bearings of the Bound Brook Bearings 
(G.B.), Ltd, since various makers of both fractional 
horse-power and ordinary small motors adopted this 
principle some time ago, with good results, especially 
when the motor is designed accordingly and not originally 
intended for ball-bearings. 

In some cases, however, with electric motors it is not 
always easy to effect the change-over from ball-bearings 
unless the maker happens to have fitted over-size 
bearings. The reason is that the loading of the oil- 
retaining bearing is different from that of a ball-race, so 
that it is necessary to increase the length, in which case 
experience of the makers is usually available for advice. 

These oil-retaining bronze bearings are made by die- 
pressing finely divided pure electrolytic copper and tin, 
so that the metal is porous and can be made to retain 
up to 30°, by volume of lubricating oil. Several hundred 
sizes of bearings are available, in addition to many other 
parts, such as thrust washers, flanged bushes, and 
spherical bearings, all made to extremely accurate 
dimensions. For example, the total bore diameter 
tolerance is 0-001 in., and no machining of any kind is 
required since a mirror finish is supplied. Incidentally, 
this also is of particular value at the present time, as 
there is no loss in the form of swarf (containing copper 
and tin), such as results from the machining of ordinary 
bronze bearings. 

The amount of oil in the porous bronze is generally 
sufficient to give lubrication for many years, often 
equal to the entire life of the bearing, while, for example, 
the maximum length in relation to the diameter is 
l}in. for diameters of over ljin., and up to 23 in., 
l}in. length, for diameters over 1 in. and up to 1{ in., 
and 2 in. length for all diameters up to lin. outside. 
Often. however, it is possible to insert two or more 
bearings in line, carried out in one operation by using a 
speci! insertion plug. 

Th: metals used in making these bearings are produced 
by el -trolytic methods to ensure extreme purity, while 


in sp ‘e of the porosity the specific gravity is within 
oS 5, and the crushing load 70,000 tb. per sq. in. ; 
in th s connection the bearing, although containing 
30°. oil, being practically equal to cast-bronze. The 


lubri tion given is particularly efficient, being repre- 


sented by a permanent film of oil which exudes over the 
metal as the pressure and temperature increase, and is 
particularly suitable therefore, for the noiseless running 
of small high-speed electric motors. 


Heat-Treatment of the Wrought 

Aluminium Alloys 
REFERENCE was made in the May issue to the theory 
and practice of heat-treatment, applied to wrought 
aluminium alloys, discussed in Information Bulletin 
No. 3, published by the Wrought Light Alloys Develop- 
ment Association. To develop the maximum properties 
by means of solution-treatment or low-temperature 
precipitation treatment certain qualities are essential in 
the equipment employed for carrying out the operations. 
Temperature ranges are narrow, critical ranges vary with 
alloy compositions, and duration of heat-treatment is 
conditioned by the form of the material to be treated. 
This aspect of the subject is considered in Bulletin No. 4, 
recently published. 

It is realised that given good equipment and, intelli- 
gence in the using of it, the heat-treatment of the 
wrought aluminium alloys presents no great difficulty 
but it is essential that both the temperature and mini- 
mum time are capable of exact adjustment under normal 
factory conditions, which means that furnaces must 
have as nearly as possible uniform heat distribution, and 
must be equipped with automatic temperature control 
instruments capable of working with precision. 

Various types of furnaces are discussed, quenching 
tanks, refrigeration, handling equipment and tempera- 
ture control are also considered in an informative 
manner. This booklet will be especially useful to 
executives and works engineers responsible for the 
installation and maintenance of suitable plant for the 
heat-treatment of aluminium alloys. 

Copies may be obtained from the Wrought Light 


Alloys Development Association, Union Chambers, 
63, Temple Row, Birmingham, 2. 
Monometer Manufacturing Co., Ltd., Green Lane, 


Braughing, Herts., have issued a folder illustrating and 
giving particulars of some of their products. These 
include white-metal pressure die-casting plant for 
bearings, packing rings, bushes, ete. ; lift-out, bale-out 
and tilting types of crucible melting furnaces ; semi- 
rotary non-crucible types of melting furnaces ; various 
types of white-metal melting plant; a die-metalling 
oven and a tinning bath. 
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The Gas-Cutting Process and its 
Effects on Steel’ 


By T. J. Palmer, A.M.Inst.W. 


In this the concluding part of the article the author discusses several factors con- 
ducive to satisfactory operating conditions, including the heating flame, size of cutting 
orifice, cutting oxygen pressure, speed of torch travel, condition of material, thickness 


of material, and condition of torch. 


It is concluded that, given reasonably sound and 


homogeneous steel, economical cuts of consistently high quality can be obtained. 


GOOD oxygen cut is one in which the top edge 

A is quite sharp; that is, it must not be melted or 

burned. The cut face should be smooth (i.e., free 

from furrows or grooves), and neither concave nor taper. 

There should be no adhering slag at the lower edge. 
Such a cut is illustrated in Fig. 4. (See last issue.) 

It is probably because oxygen is relatively cheap and 
easily obtainable, and because cuts of a sort can be 
made with minimum attention to the more important 
details of the technique that the economic benefits of 
yas-cutting are not always fully utilised. Observations 
made at random also support the view that the best 
type of cut is seldom consistently reflected in the average 
class of work undertaken. There is nothing difficult 
about oxygen cutting, and no excuse for poor cutting. 
Indeed, an intelligent operator can become quite 
proficient at straightforward work in a matter of hours. 
Whilst the reason for defective cutting may in some cases 
be due to faulty equipment, or to slipshod operation of 
the torch, the primary reason is a lack of complete 
understanding of the many variable factors involved and 
a failure to appreciate the practical significance of same. 
Good cutting, which can generally be accepted as 
economical cutting, depends on the following main 
factors : Heating flame ; size of cutting orifice ; cutting 
oxygen pressure; speed of torch travel; condition of 
material; thickness of material; condition of torch. 
They are of sufficient importance to discuss separately. 

Heating Flame 

In order to cut, the metal only needs heating to a 
bright red (875°C. approx.). If this temperature is not 
reached, cutting cannot commence. If substantially 
exceeded the plates become overheated, the top edge is 


( tinue from June issue, J iH, 


Fig. 13. Heating flame too large—top edge melted. 





Fig. 14. Nozzle too far from work—-wide and taper cut, 
and top edge not sharp, 


melted, and square corners are not obtained (Fig. 13). 
A similar effect is produced when the torch is held too 


near the work. On the other hand, when separation of 


nozzle and work are very great, cuts become both wide 
and tapered (Fig. 14). As a general rule the tip of the 
flame cone (oxy-acetylene) should clear the work surface 
by about ¥# in. to Jin. The tendency for melting the 
top edge is more pronounced when acetylene is used as 
the fuel gas than when coal-gas, or hydrogen, is employed, 
especially if, in the former instance, the flame is large, 
or held too close to the part. It is also necessary to 
avoid using a very small heating flame, which will lead 
to backfiring, or an excess acetylene flame, which causes 
rough cutting and carburised edges. 


Size of Cutting Orifice 

Interchangeable tips are provided so that the volume 
of oxygen required in cutting may be varied, and the 
selection of an appropriate tip for a given metal thickness 
is of importance. Data compiled by the torch-makers is 
used for this purpose, and it is not often that much 
advantage is gained in departing materially from those 
recommended. Tips are usually calibrated according to 
their hourly consumption of oxygen, and each orifice is 
designed to cover a certain range of metal thicknesses. 

Rough and dirty cuts are a result of employing a tip 
which is not large enough (Fig. 15). Inferior cuts are 
less likely to result from using a tip of larger size than 
the one specified, and higher operating speeds can be 
realised, but any gain in this direction is offset by the 
increased consumption of oxygen. In addition, the cut is 
generally very wide. . 


Fig. 15. Cutting tip not large enough—rough and dirty 
cut face. 





Fig. 16.—Insufficient oxygen pressure—rough face and 
slag not cleared from lower edge. 
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Cutting Oxygen Pressure 
Oxygen pressures vary and increase with the thickness 
of metal being cut, and may range from a few pounds to 
well over 100 lb. per sq. in. The selection of an approxi- 
mately correct pressure for cutting any particular metal 
thickness is of primary importance if best results are to 
be obtained, and if the operation is to be economical. 
Whilst torch-makers’ tables are useful in this capacity, 
they are only intended as a guide and are based on the 
assumption that conditions are substantially normal. 
The present discussion shows that conditions of cutting 


Oxygen pressure too high drag __silines 


Fig. 17. 
emphasised and lower face concave. 





(a) Low speed ; 
(c) fast speed. 


Fig. 18.-Effect of cutting speed : 


(b) medium speed ; 


can be affected in many ways, and it may be necessary, 
therefore, often to waver slightly from recommended 
pressures as experience is gained with the work in hand. 
Since any appreciable deterioration in cut quality is far 
more marked when insufficient, rather than excessive, 
pressure is used, the tendency is for operators, in an 
effort to produce clean cutting, to make use of pressures 
far higher than those actually required, thereby wasting 
much oxygen. There is no point, of course, in reducing 
pressure to a stage where minor surface irregularities or 
inclusions might render continuous flame propagation 
precarious, but it is essential to work with a minimum, 
as even slight increments of pressure bring about a gross 
increase in oxygen consumption. An increase in pressure 
is justified when: It is desired to cut metal of greater 
thickness ; bevel cuts are being made: holes are being 
pierced ; varying thicknesses of metal are included in 
the shape being developed. 

the effects of wide variations in oxygen pressure are 
illustrated in Figs. 16 and 17. 

Speed of Torch Travel 

s conservation of both oxygen and fuel gas increases 
Wit. a saving in cutting time, it is desirable for the torch 
to travel at the maximum rate consistent with satis- 
factory cut quality. For any given tip size, and a specific 
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oxygen pressure, there will be found an optimum working 
speed which will provide both good cutting and economical 
gas consumption. This optimum is different for shape 
cutting than when cutting straight lines and circles. 

Three cuts made at different speeds, but with oxygen 
pressure constant, are illustrated in Fig. 18. With 
increasing speed a trailing or dragging effect is given to 
the lines of cutting, and it is apparent that a certain 
definite drag is characteristic of a given speed. At very 
low speeds there is no drag—that is, the lines of cutting 
are disposed perpendicular to the top edge of the cut 
(Fig. 18a). With the cutting of rather complex shapes 
this may be in order, but apart from increased operating 
costs there is always the possibility of encountering : 
rather serious cutting fault, viz., gouging of the lower 
edge of the cut face (Fig. 19). In addition, the edges of 
the kerf may become overheated—particularly if thin 
widths of metal are involved. Fig. 18b illustrates a drag 
effect representative of a torch speed which might be 
selected for general work such as that met with in simple 
shape cutting operations, or where exceptionally acute 
curves are not included. The length of drag depicted 
in Fig. 18¢ is excessive—even for straight-line cutting. 
Not only might cutting suddenly stop at this higher 
operating speed, but definitely inferior and concave cuts 
are produced which, in extreme cases leave the metal in an 
only partly severed state. 

It should be fairly obvious that cutting speed is also 
influenced to a considerable extent by experience with 
the type of work, by the thickness and uniformity of the 
metal section, and as to whether a fine, medium or rough 
finish is desired. Cutting speed decreases with an 
increase in metal thickness. 

Condition of Material 

Surface condition of the plate has always been con- 
sidered important. It can materially affect both cut 
quality and operating speed. The refractoriness of metal 
covered with rust, paint, loose scale, dirt, ete., or that 
which may have been subjected to the deleterious action 
of corrosive fluids or gases offers considerable resistance 
to cutting. As far as possible plates should be cleaned 
or, failing this, the heating flame intensity must be 
increased and the operating speed somewhat reduced. 
Cleanliness of the underside of the plate is of less impor- 
tance except when stack-cutting. In fact, a rusty or 
scaled lower face appears to favour more complete 
removal of cutting slag. 

As regards internal condition of material, non- 
metallic impurities and segregations will affect cutting 
to some extent, but are factors over which the operator 
has little control. in point of fact it is only on rare 
occasions that really serious cutting faults can be 
attributed to this source. Nevertheless, it is probable 
that inclusions in rolled steel of the type illustrated in 
Fig. 20 influence the active cutting front to some extent 
by deflecting it from a normal course. It would explain 
a reason for the presence of furrows and other local 
abnormalities in a cut which otherwise was perfectly 
normal. Bands of mill scale rolled into the plate surfaces 
during manufacture can also be troublesome on 
occasions, and may compel the use of more intensified 
preheat. 

A more serious metal condition is seen in Fig. 21. 
Sudden failure of the cut to propagate satisfactorily 
was due in this instance to the insulating effect of slag 
films which had been sandwiched in the plate during 
rolling operations. Fortunately, rolled sections exhibiting 
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this fault in so acute a form are not often encountered. 
In cutting there is little that can be done about it 
beyond reducing operating speed. In any case, material 
of such a character is useless for fabrication purposes 
and should be rejected. 

Structural condition of the steel is unimportant in 
oxygen cutting. In other words, as far as actual cutting 
is concerned, it is immaterial whether the part is in the 
annealed, cold-worked, forged, or heat-treated condition. 

The presence of alloying elements is of critical impor- 
tance both as regards cutting and also the effects upon 
the steel. In general, cutting is made more difficult and 
cut faces are not so smooth, whilst in some cases the 
metal is rendered so refractory as to necessitate an 
entirely different and unorthodox technique. Again, 
considerable extra preheat is often required when 
attempting to cut the more highly alloyed steels. 
Consequently, most alloy steels are not very suitable 
for gas cutting, and constitute only a small percentage 
of the materials at present being shaped by this method. 


Thickness of Material 


Very good cuts can usually be obtained in metal of 


thickness ranging from }, in. to about Sin. As a rule, it 
is more difficult to retain the standard of quality on 





Fig. 20.-Large inclusion (chiefly MnS) in 
rolled steel. x 75. 


departing greatly from this upper and lower mark. Thin 
material (unless stack-cut) is easily overheated during 
cutting ; the edges are then melted or rounded. Atten- 
tion is drawn at this juncture to the specially constructed 
torches made to deal with sheet metal. Cutting of very 
thick sections involves the oxidation and removal of 
considerable masses of metal, and the operator finds he 
must exercise increasing care in setting up and executing 
the work ; he cannot run the risk of interruptions which 
might scrap large portions of metal. Furthermore, the 
heterogeneity of structure often encountered in thick 
sections may itself be a vexatious problem. 

Because of the prolonged heating time required to 
raise the edge of thick metal to its ignition temperature, 
it is an advantage to cut two closely spaced notches at 
the point where cutting is to commence. This enables a 
much smaller area to be rapidly heated to the appropriate 
temperature before cutting oxygen is applied. 


Condition of Torch 

In an unnecessarily large number of instances inferior 
cutting is traceable to poorly conditioned equipment, yet 
torches are designed so as to make their dismantling 
and reassembly a simple and worth-while operation. 
Deterioration of cutting conditions is quickly brought 
about through cutting dirty material, or if the nozzles 
are set too close to the work surface. Flying particles 
of slag are projected inside the heating and cutting gas 
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orifices. A wall of slag is gradually built up and cutting 
becomes adversely affected (Fig. 22). Under exceptiona 
circumstances complete blockage may occur. A 
conscientious operator will make a regular practice ot 
dismantling the nozzle assembly for cleaning purposes 

With concentric nozzle torches eccentricity of cutting 


rig. 19._-Cutting speed too low—pronounced undercutting 
of lower edge. 





Fig. 22.—Effect of cutting with dirty nozzle—rowgh cut, 
and slag clinging to bottom edge. 


Fig. 21._-Laminated steel plate. 


and heating gas orifices will also give rise to poor cutting, 
and is a point which should be checked periodically. 


Conclusion 
From this brief survey of the major points affecting 
cutting it is apparent that, given metal which is reason- 
ably sound and homogeneous, economical cuts of 
consistently high quality can be obtained, and the more 
common faults illustrated here need not occur. 


Photography as an Aid to Scientific 
Work 
THE importance of photography to science and industry 
is rarely realised, yet without its aid a great number of 


industrial processes and methods of research would be ¢ 


impossible. In addition, photography can service a 
routine function in almost every laboratory for illustra- 
ting reports, duplicating graphs, ete. A great amount of 
information on the subject of this service has accumu- 
lated during many years, which is brought together in a 
concise form in a booklet published by Ilford, Ltd., 
which coatains a surprising amcuait o° dita v.luabl> 
to the metallurgists. 

The seventh edition of this booklet has been brought 
up to date and gives details of several new products. 
Copies may be obtained on application to Ilford, Ltd., 
Ilford, London 
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The Solidification and Cooling of 
Steel Ingots’ 


Notes on an Examination of Three Typical Ingots 
By E. F. Law, A.R.S.M., and Vernon Harbord, A.R.S.M. 


A detailed microscopical investigation has been made of two ingots and a partial in- 
vestigation of a third ingot, previously studied by the Ingot Committee ‘of the Committee 


on the Heterogeneity of Steel Ingots. 


The distribution of the phosphorus in relation 


to the carbon and sulphur has been studied, and a suggested explanation is advanced 
to cover the mechanism of the freezing and the subsequent cooling changes in the killed 


ingot. 


The work is described, and observations of the authors given in an abridged 


form in this article. 


a view to the study of the formation and dis- 

tribution of sulphides in steel ingots. For this 
purpose a detailed examination was made of sections of 
two typical ingots, which had been prepared for and 
examined by the Ingot Committee. These were a killed 
medium-carbon steel (No. 36) and a low-carbon rimmed 
steel (No. 59), full details of the history of which are 
recorded in the Committee’s Fourth Report on the 
Heterogeneity of Steel Ingots.’ 

A large number of chemical analyses was made in 
order to establish the degree of segregation, not only of 
sulphur but also of carbon, phosphorus and manganese. 
The information thus obtained did not throw much light 
on the changes taking place during solidification of an 
ingot, but it did serve to demonstrate that sulphur 
could not be considered by itself alone, but in con- 
junction with carbon and phosphorus, and, further, that 
more accurate methods than chemical analysis were 
essential. It was, therefore, decided to make a detailed 
microscopical examination of the two ingots, to which 
a third—ingot-iron—ingot (No. 65)? was later added, and 
several observations have been made and recorded 
which will be of interest, and may not only serve to add 
to such knowledge as has so far been obtained on the 
mechanism of ingot solidification, and subsequent 
changes in cooling, but may lead to further investigations 
into this interesting subject. 

Killed Steel Ingot 

The first ingot examined was No. 36 of the Ingot 
Committee’s Fourth Report, being a medium-carbon- 
killed ingot of the following composition :— 


t Sulphur, Phosphorus, 


Carbon, Silicon, 


Ts. investigation was originally suggested with 


Manganese, 


TD ez O-O54 O-O16 Oso 

\ slice from the outer wall to the ingot centre was 

tained, a section of which was macro-etched and 

sulphur-printed before being cut up into 11 sub-sections 
micro-examination, 

Careful examination of the ingot structure from 


outside to centre suggested that in the more slowly 


of Steel 


on the Hetcregencity 
unl Steel Institute, 


Paper No, 21/1943 of the Committe: 
e copy published by the Tron 
1 lron aml Steel Institute, 1932, Special Report Ne, 2 
Sixth Report on the Heterogeneity of Steel Ingots, Lron and Steel Institute, 
il Report, No. a, 


cooled part of the ingot, where cooling was undisturbed, 
that portion of the steel which in the solid ingot appears 
as pearlite was the first metal to freeze, ejecting the 
liquor rich in impurities, viz., carbon, phosphorus, etc., 
together with entrained non-metallic inclusions, into the 
ferrite channels to form the filling-up of the skeletons 
of large dendrites. The middle of these channels, being 
highest in impurities, would freeze last and carry with 
it the greatest amount of dissolved impurities and 
inclusions. | 

Typical sections were, therefore, etched with Stead’s 
reagent and also by electrolytic etching with caustic 
soda, and both these methods clearly showed absence 
of phosphorus in the ferrite lamelle of the pearlite, as 
well as in all the ferrite surrounded by or embedded in 
pearlite ; the presence of phosphorus was shown in the 
ferrite channels in contact with pearlite grains, increasing 
towards the middle of the channels. 

In view of the fact that the pearlite areas were origin- 
ally the liquid of the highest melting point, it seemed 
unlikely that at the moment of freezing they contained 
any impurity capable of lowering its melting point ; it 
is more likely that it originally froze out as ferrite 
(i.e., iron containing some manganese and silicon in 
solution), and that the carbon migrated from the iron- 
carbon-phosphorus mother-liquor in the channels after 
solidification. It seemed probable that after solidification, 
and during cooling, the iron-carbon-phosphorus liquor 
broke down and that the carbon was divorced from the 
phosphoric areas and entered into the phosphorus-free 
ferrite, thus forming the pearlite as it exists when 
cooled. 

Examination of a rimmed ingot (No. 59) was being 
made at the same time, and certain observations of the 
structure supported the probability that, although in all 
likelihood the original freezing of a carbon-phosphorus- 
iron solution occurred, there was at a later stage in 
cooling a strong tendency for the carbon to be pushed 
away as far as possible from the phosphoric areas. 

A piece of the killed ingot was therefore taken from a 
position rather nearer the centre than the outside and 
cut into four pieces ; one was kept untreated for com- 
parison. One piece was heated above Ar, and air-cooled. 
This showed that the pearlite had migrated into the 
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ferrite channels, being broken up into smaller grains, 
but under low power it was still possible to locate the 
position of the channels. Sulphide particles remained 
unchanged in their original channel positions. A second 
piece was heated to the same temperature and quenched. 
A general martensite structure was obtained, although 
the channels were clearly visible under relief polish, 
with sulphide inclusions in their original positions. 
Examinations revealed hard martensite areas surrounded 
by the channels, greatly reduced in size, in which 
appeared to be a certain amount of dissolved carbon 
incapable of resolution, as these channels were faintly 
darkened by boiling alkaline-sodium picrate. A third 
piece from the same section was heated to above Ar, and 
air-cooled, reheated to the same temperature, and very 
slowly cooled in the furnace. This resulted in migration 
of the carbon away from the channels, leaving them with 
their strings of sulphide particles unchanged; the 
pearlite did not completely agglomerate into the large 
original grains, but was more broken up; to a large 
extent, however, the original ingot structure’ was 
restored. 

These experiments showed clearly the ability of the 
carbide to migrate at this temperature, and also that at 
a temperature above Ar, it was still retained in the 
channels ; the fact that when very slowly cooled from 
this temperature the movement from the channels was 
greatest is strong evidence that the higher-phosphoric 
areas tend to drive the carbide as far away as possible. 
The reason for the incompatibility of carbide and 
phosphide is open to discussion, but there appears to 
be no doubt about its existence, and the fact that 
carbon is readily able to diffuse in solid iroh, whereas 
phosphorus is not, enables the separation to take 
place. 

It is therefore suggested that in the normal cooling 
of a killed ingot the process of freezing and cooling 
operates on the following principles : Primary crystals 
of ferrite (containing some of the manganese and silicon, 
and possibly some carbon in solution, but not the greater 
portion) entirely free from phosphorus are the first to 
crystallise as a homogeneous solid solution ; the mother- 
liquor carrying the bulk of the carbon and all the 
phosphorus freezes progressively around these dendritic 
skeletons, giving the maximum carbon-phosphorus 
concentration in the centre of the channels so formed, 
in which are also collected the bulk of the sulphide 
and other inclusions. When the temperature falls below 
the Ar, point, the iron-carbon-phosphorus solution 
breaks down and the phosphide solution ejects the 
carbon, which is driven as far as possible away from the 
high-phosphorus areas (the distance depending on the 
rate of cooling) and enters into the ferrite crystals which 
were the first to freeze, thereby converting them into 
pearlite areas found in the cooled ingot. The space 
originally oceupied by the ferrite solid solution will vary 
according to the carbon and phosphorus contents of the 
steel. When the final migration of carbon in the solid 
state occurs there may be insufficient carbon to convert 
completely the whole to pearlite, so that some free 
ferrite may be found embedded in the final pearlitic 
areas usually in acicular form. The fact that such ferrite 
is found to be free from phosphorus is thus accounted for. 

When the decomposition of the iron-carbon- phosphorus 
mother-liquor ang the migration of the carbon in tdhe 
solid state is accepted, it is seen that the freezing of a 
killed ingot proceeds in accordance with theoretical 
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considerations and the views held by the late Dr. J. E 
Stead. Moreover, it confirms the existence of the “ iron. 
carbon-phosphorus complex” observed by Professor 
Andrew.* 


Rimmed Steel Ingot No. 59 


Following the examination of the killed ingot, a 
similar section from outside to centre of a rimmed ingot 
No. 59, was obtained, and after macro-etching and 
sulphur-printing it was cut up into 22 micro-sections 
for detailed examination, No. 1 being on the outside wal! 
of the ingot. The ingot had the following pit-sampk 
analysis :— 

Carbon, Silicon, Sulphur, Phesphorus, M anngteanne “ey 

odie Trace W027 0-811 0-470 

The rim of the ingot extended up to piece No. 10, 
the inner part of this section being more or less the 
transition stage from the rimmed to the unrimmed part 
of the ingot. 

Broadly speaking, the essential differences between 
the rim and interior of the ingot were: (1) In the 
carbide and pearlite formation; (2) in the sulphide 
formation. 

(1) In the rim the carbide appeared in most cases as 
an intererystalline material surrounding ferrite crystals ; 
at times it became fairly massive, especially towards the 
insed of the rim. Pearlite, where it occurred, was in almost 
all cases surrounded by an envelope of carbide, which 
extended as strings penetrating along the crystal 
boundaries of surrounding ferrite. On crossing the rim 
boundary these strings and envelopes ceased abruptly, 
normal pearlite being almost exclusively present for 
some distance into the core ; from there onwards there 
was a reappearance of some envelopes and carbide 
strings, although normal pearlite predominated. 

In the foregoing paragraph the term “ carbide ’’ has 
been used to describe the envelopes and intercrystalline 
material, but further investigation, which will be 
described later, gave rise to serious doubt as to whether 
this constituent was free cementite. 

(2) Sulphide particles, which were very small and 
scattered in the outside of the rim, increasing in size 
as slower cooling took place, were all of a complex type, 
the normal dove-grey constituent being comparatively 
rare. After crossing the rim boundary normal sulphide 
was predominant, although some complex sulphide 
particles were present, and became more numerous 
towards the centre of the ingot. 

The Carbide Material.—This constituent, which existed 
as envelopes and intercrystalline strings, was the subject 
of a great deal of investigation, as it did not appear to 
behave in all respects as normal cementite. 

(1) It did not appear to be sufficiently hard ; it 
was liable to “ flow”’ slightly under polish, and 
required careful polishing to obtain reliable surfaces 
for micro-examination. 

(2) When etching with boiling alkaline-sodium- 
picrate solution these areas blackened very quickly, 
far more so than the cementite lamelle in pearlite 
areas. It was possible to blacken this constituent 
completely before any staining of the pearlite 
cementite occurred, which was only shown up by 
furthe> boiling in the solution. 

Since it is known that phosphoric areas are blackened 
by sodium picrate in a similar manner to cementite, it 

>} Amirew aml Howat, Jewrnal of the Rewal Technical College, Glasqer, 
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seemed possible that this constituent might be a 
phosphide-carbide material, and not pure cementite. 

Compared with the killed ingot previously examined 
and assuming, as seemed probable, that the ferrite froze 
out first, leaving a solid solution containing carbon, 
phosphorus and iron, this solution would have a far 
greater concentration of phosphorus compared with 
carbon in this ingot, on account of its higher phosphorus 
and lower carbon contents. It seemed possible, therefore, 
that as complete a separation of the carbon and phos- 
phorus after solidification, as occurred in the killed 
ingot, might not take place here, and that some entangle- 
ment of phosphide and carbide might be found around 
crystal boundaries. 

Accordingly, a large amount of experimental work 
was carried out to try to obtain an etching reagent 
which would differentiate between cementite and 
phosphide solutions. No satisfactory reagent was actually 
found, though certain work did yield some evidence to 
support the suggestion that the constituent was not true 
cementite. 

Apart from the two main differences between the 
rim and core already referred to, a less striking difference 
was observed, namely, that whereas in the rim pearlite 
was angular and less frequent and sulphides were 
scattered haphazard, in the core pearlite more rounded 
in character and in greater quantity was found ; this 
occurred in the part in which both the carbon and 
phosphorus contents were higher. Also there was a 
distinct tendency in this part of the core for grouping 
of inclusions similar to those found in the channels of 
the killed ingot. 

To investigate this similarity between parts of the 
core and the killed ingot No. 36, specimens were etched 
by the electrolytic soda method which failed to show 
any phosphorus concentration in the rimmed portion of 
the ingot similar to that found in the killed ingot. In 
the interior of the ingot beyond the rim there was 
definite evidence of phosphorus concentration and 
channelling as found in the killed ingot. 

Although the investigation was far from complete, it 
is suggested that in a rimmed ingot the freezing of the 
rim and of the interior is entirely different. 

In the rim there seems to be no concentration of 
phosphorus solution in channels containing sulphide 
particles, as was found in the killed ingot, and as appears 
to some extent in the core of this ingot ; the phosphorus 
appears in the rim with carbide in the form of strings 
and envelopes, as if it solidified as a definite constituent 
rather than as a solution with a gradually falling 
melting point. 

Ingot-Iron Ingot 


in the hope that further light might be thrown upon 
this matter, work was started on the ingot-iron ingot 
No. 65, as it was thought that an examination of this 
with its low-phosphorus content might help to elucidate 

the observations made on ingot No. 59. 
lhe composition of ingot No. 65 was as follows :— 
rbon, Silicon, Sulphur, 


Phosphorus, Manganese, 


050 Trace 0-017 0-005 0-050 

"he outstanding feature of this ingot under micro- 
€X.mination was that, although macro-etching showed 
the limits of the rim clearly, there was practically no 
structural change between the rim and the interior, with 
the exception that there was a marked and sudden 
increase of sulphide particles. 
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Other interesting features were :— 

(1) There was practically no pearlite in any part 
of the ingot, the carbide present being in the form 
of strings, as in the rim portion of No. 59; such 
occasional small pearlite areas as did exist were 
surrounded by envelopes. 

(2) Although the carbon content was the same 
in both ingots, the amount of pearlitic carbon and 
strings of carbide material was far less in this ingot ; 
this is considered to be a further confirmation that 
the strings and envelopes in ingot No. 59 were not 
composed of cementite alone, and in view of the 
higher phosphorus content of that ingot, is suggestive 
that much of that. material was phosphide in some 
form. 

(3) Sulphide particles were not of complex 
character, but as might be expected with a low- 
manganese content were MnS partially, and in some 
cases completely surrounded by FeS. 

(4) There was some slight sign of more ** carbide ”’ 
strings in pieces between the rim and ingot centre. 

Specimens both from the rim and from the interior 
of the ingot were very slowly annealed. The “ carbide ” 
material had almost entirely disappeared without any 
sign of the production of pearlite in its place, thus 
throwing further doubt on the genuineness of this 
“ carbide” (Fig. 45). Whereas samples from ingot 
No. 59 treated in a similar way showed a decrease of 
carbide with an increase of pearlite, this was not so with 
the ingot-iron ingot. 

The possible explanation for this may be that the 
content of phosphorus is so low that even under slow 
cooling carbide is not driven away from the phosphide, 
as in the killed ingot, but that the carbo-phosphide 
material remains undecomposed but dissolved in the 
surrounding ferrite. 

At this stage in the investigation the authors state 
that work was stopped by the outbreak of war, and it 
has only quite recently been possible to give any further 
time to the research. On resumption, further efforts 
were made to find some means of establishing the nature 
of the strings and envelopes found in the rimmed and 
ingot-iron ingots. Eventually alkaline sodium benzoate, 
originally suggested by Thompson and Whitehead,‘ was 
found to be the most satisfactory reagent for this 
purpose. 

According to Thompson and Whitehead, boiling 
alkaline sodium benzoate darkens carbide in a similar 
manner to alkaline sodium picrate, and for that reason 
its value as an etching reagent had not been seriously 
investigated earlier. As, however, its action was stated 
to be much slower, it seemed possible that it might be 
more capable than alkaline sodium picrate of differen- 
tiating between carbide and phosphide in steel. It was 
found that when using Thompson and Whitehead’s 
standard benzoate solution the strings in sections cut 
from the rimmed ingot were completely blackened in 
2 mins., whereas, according to Thompson, even coarsely 
laminated pearlite is darkened only after 4—} hour. 
Various modifications of the solution were made, 
greatly reducing the excess alkalinity, until results were 
obtained in which the strings were slightly coloured in 
2-3 mins. 

It was found that the carbide lamellz in the rimmed 
and Armco ingots were slightly tinted by this solution ; 


4 Transactions of the Faraday Society, 1923-24, vol. 19, p. 15%. 
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on the other hand, carbide lamelle in sections of the 
killed ingot No. 36 were not coloured by prolonged 
etching, but were only slightly darkened by boiling in 
the original Thompson solution for 15-20 mins. 
This definitely seemed to show :- 
(1) That the string material in the rimmed and 
ingot-iron ingots was not normally cementite. 


(2) That the cementite lamelle in the pearlite of 


the rimmed and ingot-iron ingots was of a different 
composition from the carbide lamelle of the killed 
ingot. 

Sulphur 

The behaviour of sulphur during the solidification of 
ingots, which was the original object of this research, 
has been, to a considerable extent, side-tracked in the 
investigation of the other question dealt with in these 
notes, but the following remarks by the authors will 
be of interest. 

Killed Steel Ingot No, 36.—In this ingot the sulphide 
occurs throughout as normal manganese sulphide. 
Complex sulphide particles were rare, if not actually 
non-existent. As might be expected, the particles were 
smallest near the ingot wall, and increased in size in 
the more slowly cooled parts of the steel, where they 
were almost entirely situated in the channels, tending to 
collect together in the centre of the widest of these, or 
in the junction of two or more channels. It is only in 
the more rapidly cooled parts that sulphide particles 
were found embedded in pearlite grains near the outside 
of the ingot. It seems clear, therefore, that sulphide 
particles solidify in the molten metal and are carried as 
solids in the mother-liquor, and finally take up their 
position in the last of the liquor to freeze ; this being so, 
those sulphide inclusions which are found finally in the 
pearlite grains have been unable to reach their proper 
place in the channels owing to the speed at which 
freezing has occurred, in which case it is logical to expect 
that some mother-liquor which is carrying these particles 
would be entrapped round the sulphide. Any such films 
of mother-liquor would contain phosphorus in solution, 
so that when the migration of carbon occurs in the solid 
ingot from the channel solution, it would be prevented 
from approaching the sulphide particles by the phos- 
phorus content of the envelope of mother-liquor. This 
would account for the occurrence of ferrite material 
found round sulphide particles in pearlite grains. These 
envelopes are usually very small, but can be seen in most 
cases to a limited extent, but on account of their small 
size it was not possible to confirm by etching that they 
were phosphoric. Although, therefore, this point has 
not been proved, the suggested explanation affords a 
logical reason for the existence of ferrite rings round 
trapped sulphide inclusions. 

As regards the old problem of why manganese does 
not segregate with the sulphur, no direct positive 
evidence has been obtained. There is, however, a very 
considerable amount of evidence to show that sulphur 
freezes out originally in the form of iron sulphide, and 
changes in the solid state to manganese sulphide (if 
sufficient manganese is present). If this view is accepted, 
the exchange of bases from iron sulphide to manganese 
sulphide, by the extraction of manganese from surround- 
ing ferrite-manganese solution, would account for the 
lack of any corresponding increase of manganese in the 
segregated sulphide parts of the ingot, as shown by 
chemical analysis. 
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Rimmed Steel Ingot No. 59.—There appeared to b 
little similarity between the behaviour of sulphide in 
this ingot and in ingot No. 36, and except for tha 
portion of the core where segregation was highest, there 
was no evidence of the agglomeration of particles into 
groups such as was found in the channels in ingot No. 3¢ 
It.is perhaps significant that it was only in this part of 
the ingot that any evidence was found of a phosphide 
solution of varying phosphorus content similar to th: 
channels in No. 36. The only other observation was that 
the sulphide in the rim was practically all of complex 
type, with an increasing amount of normal manganese 
sulphide in the core. There was no evidence as to 
whether this was connected with the rimming action or 
merely a coincidence, but the fact that little complex- 
type sulphide was found in the ingot-iron ingot, in either 
the rim or the core, suggests that the latter was more 
likely to be the case. 

Ingot-Iron Ingot No. 65.—Practically all the sulphide 
in this ingot was a mixture of iron sulphide and man- 
ganese sulphide, as would be expected from the low- 
manganese content, and there was little of the duplex 
type as found in ingot No. 59. There was no difference 
(except in quantity) between the rim and the core, and 
the only point worthy of note was that the two sulphides 
appeared together in the same particle often with the 
MnS surrounded by FeS, thus showing that the two 
sulphides are not mutually soluble in one another in 
all proportions. 

The authors wish to make it quite clear that this 
investigation is far from complete ; in their opinion a 
detailed examination of an ingot of similar composition 
to the rimmed ingot No. 59, but made from killed steei, 
would probably throw considerable light on many of 
the questions which have arisen, and would serve to 
show whether certain unexpected features, which have 
been observed, are attributable to the action of rimming, 
or to the relative proportions of the various elements 
present. 


Electrode Potentials of Metals 


THE solution potentials of a large number of specimens 
of steels and irons, aluminium alloys, copper alloys, 
magnesium alloys, solders, nickel alloys and zine alloys 
have been measured against a saturated calomel elec- 
trode in sea-water and in a 3° sodium-chloride solution, 
according to a recent report by Turnbull and Davies.* 
The metals, alloys and plated specimens were examined 
both in the “ as-received” condition and after their 
surfaces had been abraded with 00 emery paper, Sea- 
water was used in the first series of measurements, while 
the 3° sodium chloride solution was used in the final 
series. The potentials were measured at intervals over 
an immersion period of 24 hours with the electrolyte 
at 22°C. 

With the exception of silver-plated copper, all the 
specimens examined were electro-negative with respect 
to the saturated calomel e'ectrode. Nickel and its alloys 
were the least negative, followed in order by chromium 
steels, copper and its alloys, cast iron, mild steel, 
aluminium alloys, zine alloys and zinc-coated materials, 
and, finally, magnesium alloys which had the most 
negative potentials of all the metals examined. 





Aeronautical Research Committee Reports and Memoranda, Ne, 1% 
(1912), 16 pp 
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The Expansion of Bismuth-Lead-Tin- 


Cadmium Alloy 


on Cooling after 


Solidification 


By L. E. Benson, M.Sc., and M. B. Coyle, M.A. 


A practical method of obviating the rupture of 70-30 brass tubes, when a bismuth-lead-tin- 
cadmium alloy is used as a filler for bending purposes, has been developed from the 


results of experiments.* 


after casting, but if the filled tubes are held at 40°-50° C. 


It was found that the alloy expands in the solid state on cooling 


The 


cracking does not occur. 


phenomenon is discussed theoretically. 


bursting of half-hard 70-30 brass tubes which 

had been filled with a bismuth-lead-tin-cadmium 
alloy for bendng purposes. The brass tubes were } in. 
outside diameter and 4 in. wall thickness, and the filler 
alloy used has a melting point or about 70°C. In some 
cases white metal protruded through the rupture. 
Investigation of the tubes showed them to be of good 
quality and indicated that they had burst through 
excessive internal pressure. It was also found that 
cracking occurred after the filled tubes had cooled to 
shop temperature and not during cooling. 

A practical method of obviating this trouble was 
suggested by the results of experiments. The com- 
position of the alloy used is given in Table I. A simple 
type of dilatometer was designed to determine the 
expansion of the alloy at constant temperature after 
solidification. The results of the first series of tests are 
plotted in Fig. 1. Expansion curves are shown for bath 
temperatures of 20°, 30°, 35°, 40°, 45°, and 50°C. The 
initial contraction on all curves is due to the fact that 
the rate of contraction as the specimen is rapidly cooled 
to bath temperature at first exceeds the rate of expansion 
associated with the volume change under consideration. 

The curves show that the expansion is greater and 


(LD ieestina: oF i were experienced through the 


TABLE I, 


Composition, °.. 


Bi Pb Sn. Cd. Total. 
PER acndancwenees Ath) 26-7 wo | 100 
DORE so ceccccscees 19-75 26-0 9-34 99-85 





This procedure differs from that usually recommended 
for tube-bending, which is to plunge the tubes into 
cold water immediately after filling, in order to obtain 
a small grain-size in the filler material. Whether any 
real advantage results from this latter practice or not 
the procedure now suggested—i.e., holding at 40°-50° C. 
has been found to be a complete cure for the cracking 
trouble previously experienced and very simple to 
operate, as at a reasonable rate of working the bath 
temperature hardly requires any adjustment, normal 
cooling being offset by the heat input due to the immer- 
sion of freshly filled tubes. It is probable that advantage 
is derived not only from the reduced amount and rate 
of expansion at 40°-50° C., but also from the increased 
plasticity of the metal, which would tend to permit 
solid expansion to be accommodated by axial flow. 





















































: : Fig. 2.—-Inverse rate heating and cooling curves. 
occurs more rapidly as the temperature to which the e ad . 
alloy is cooled is lowered. Accordingly, the procedure 
adopted was to place the tubes, after filling, in a bath 
of warm water standing at about 40°-50° C. The tubes 
were removed from the bath when they were required 
for bending and after bending were immediately warmed 
and the filling melted out. 
Jour. Inst. of Metals, June 1943, pp, 249-257, out” 
Fig. 1.—Expansion of bismuth-lead-tin-cadmium alloy at ¥ 
constant temperature after solidification. 2 
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Theoretical Considerations 

The authors consider that the evidence presented 
indicates that the bismuth-lead-tin-cadmium eutectic 
alloy undergoes a well-marked expansion on or after 
cooling in the solid state after freezing. This expansion 
was found to be about twice the normal contraction on 
cooling to room temperature after freezing, but the 
curves shown in Fig. | suggest that the magnitude of the 
expansion depends on the temperature to which the 
alloy is cooled. The experimental conditions, however, 
were not claimed to be such as to warrant accurate 
quantitative conclusions to be drawn from Fig. 1. 

According to the inverse heating and cooling curves 
obtained from a sample of the alloy reproduced in Fig. 2, 
the expansion is accompanied by a slight evolution of 
heat. The shape of these curves is that to be expected 
from an alloy of nearly eutectic composition. 
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Fig. 3. Results obtained when a sample of the alloy was 
heated from room temperature to 85 C. and cooled to 
room temperature again. 


4 


It is interesting to note that although the alloy con- 
tains bismuth, which is known to expand on freezing, 
about 3:4°%, simple calculation, indicates that the 
bismuth content is hardly sufficient to balance the con- 
traction due to the tin, lead and cadmium. Actually 
the alloy was found to show a marked contraction of 
solidification, the magnitude of this, according to Fig. 3, 
which gives results of experiments with a volumetric 
dilatometer, being about 0-6°, (linear). The anomalous 
expansion on cooling is not easily reversible, but the 
heating curve in Fig. 3 seems to indicate a marked 
contraction (BC) within a few degrees of the melting- 
point 

The authors regret that it has not been possible to 
investigate the nature of this expansion further, as it 
appears to be quite unexpected and without close 
parallel in other alloy systems. All the binary and ternary 
alloys are reported as being eutectiferous, and so far 
as is known, no compounds have been reported. It is 
difficult to conceive, therefore, why any marked volume 
change should occur in the solid state. It is realised, of 
course, that the alloy used was of commercial purity 
and the possil ility of effects due to small amounts of 
impurities must not be ruled out, though it seems 
hardly likely that such a marked effect could result 
from less than 0-15°, of impurity. 

Since carrying out this investigation, the authors 
have found that brief mention of an expansion in the 
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solid state in similar alloys has been made by Daniels 
while Takase? mentions an extraordinary expansio: 
after solidification of some fusible metals with special] 
low melting points. Goodrich® and Endo,' who bot! 
carried out considerable work on volumetric changes ip 
metals and alloys of relatively low melting point, record 
no instance of expansion in the solid state. 


A Magnetic Skimmer 


A RATHER useful appliance has been designed to enable 
ferrous sludge to be removed from settling tanks and 
other containers where such contamination collects and 
which should be removed. It is also useful for removing 
the ferrous particles which often form themselves into 
scum floating on the top of coolants in settling tanks. 
This appliance is shown in the accompanying illustration. 





A new magnetic skimmer. 


The standard type magnetic skimmer shown consists 
of two permanent magnets, of Ticonal 42/50, enclosed 
in a non-ferrous tube 9 in. long and fitted with a handle. 
Over this tube fits a removable non-ferrous sheath to 
facilitate the removal of ferrous contamination collected 
by the skimmer. 

To operate the skimmer, the sheath is placed over the 
magnetic assembly and is held in position ; it can then 
be placed into the liquid. from which it is desirous to 
remove ferrous particles, and these will collect about the 
outside of the sheath. For cleaning purposes, it is only 
necessary to slide the sheath off the magnetic assembly, 
and, as it is then away from the magnetic field, th 
ferrous contamination will fall off. In some cases, as, 
for instance, where the depth of a coolant is more than 
% in., a skimmer of greater length is required and can be 
supplied up to a length of 21 in. 

The standard type illustrated here has an overall 
length including handle of I14in. and a diameter of 
lj in., and its total weight is 51b. It is manufactured 
by Philips Industrial (Philips Lamps, Ltd.), Century 
House, Shaftsbury Avenue, London, W.C. 2. 
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STEEL AT WAR 


British Production High Despite Raw Material Difficulties 


Steel production has been running ai peak levels for about eighteen months, despite the 
unprecedented raw material difficulties, shortage of labour, black-out conditions, and 
unpredictable changes in demand which are sometimes imposed upon the industry at 


very short notice by the requirements of war. 


Despite occasional bottlenecks, Britain's 


war effort has not been held up to any appreciable extent by shortage of steel supplies. 
Rationalisation of raw materials and of the steels produced to meet revised specifications 
has been applied and it is confidently asserted that the demands for this vital material will 


NE of the main 

factors contri- 

buting to the 
offensive spirit of 
Britain is her growing 
might, as expressed by 
the vastly increased 
weight of armament 
which can be brought 
to bear upon the enemy. 
This is largely the out- 
come of the building up 
of facilities to ensure 
greatly increased pro- 
duction of munitions of 
all kinds, but it is also 
due, in no small measure 
to the efficient manner 
in which the metal- 
lurgical industries have 
responded to the de- 
mands made upon them 
for materials, partic- 
ularly the iron and steel 
industry, whose pro- 
duct, steel, can be re- 
garded as the most vital 
material in war as in 
peace, since it consti- 
tutes the main struc- 


tural material for practically every industry as well as 
of ordnance. It is used in practically every phase of our 
indeed, the demand for steel imposed by 
modern war necessitated the early adoption of a dis- 
tribution scheme in order that the best use could be 
le of our available supplies. 

o what extent the British iron and steel industry 
has met the demands made upon it cannot be stated 
ad: quately, since in wartime a review of such a vital 
in ustry is necessarily limited because of the Govern- 


activities ; 


n 


continue to be met. 





Tapping a blast-furnace charge into ladles for transfer 
to the steel plant. 


of praise. 


ment ‘ban on the publi- 
cation of any statistics. 
Certain facts are, how- 
ever, known, such as 
that steel production 
ha: been running at 
peak levels for approxi- 
mately eighteen months, 
that there has been a 
great advance in the 
output of alloy and 
special steels, and a 
vastly increased demand 
for a wide range of re- 
rolling products _ re- 
quired for a_ great 
diversity of war wea- 
pons. That this has 
been accomplished in 
the face of unpre- 
cedented raw material 
difficulties, shortage of 
labour, black-out con- 
ditions and unpredic- 
table changes in demand 
which are sometimes 
imposed upon the in- 
dustry at very short 
notice by the urgent 
requirements of war, is 


something upon which the industry deserves a measure 


To deal with these difficulties in somewhat more detail, 
first and foremost should be mentioned the fact that 
with the fall of France the British steel industry was 
almost overnight cut off from four-fifths of its raw 
material sources of supply. These included such valuable 
materials as Narvic ore, Swedish billets, Spanish and 
Moroccan ore and Continental semi-manufactured steel 
products. To rectify this position alternative sources of 
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Charging hot metal for a mixer into an open-hearth 
furnace. 


supply were brought into operation, some of which 
inevitably involved long haulage, no small matter when 
the shipping position had become acute, and a greatly 
intensified use of British low-grade high phosphorus ore. 
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Shipping space would not permit, even if supplies hac 
been available, more than a small proportion of the los 
overseas high-grade ore to be replaced, and therefore ji 
became necessary for the steel industry to adapt its 
plant to the use of greatly increased quantities of Britis, 
ore. The country’s internal transport was organised to 
meet an unparalleled situation with great success, and 
it is true to say that even when the Battle of Britain 
was at its height no British steelworks ever failed to 
secure adequate supplies of raw materials. 

As a corollary, supplies of scrap from abroad became 
attenuated and definitely ceased altogether in July, 1941. 
To meet this deficiency, an intensive scrap campaign 
was put under way and this lead to a steadily increased 
home supply. Railings were sacrificed by householders, 
municipal and other bodies, railings were removed from 
all the royal parks at the King’s Command. Through 
these emergency measures more than two million tons 
of scrap were collected and sent to steelworks or stored 
in dumps for future use. Much valuable heavy scrap 
was recovered from blitzed buildings following the heavy 
German air raids on British cities. All this was rapidly 
collected and used for the production of steel, later to 
be used against the enemy. It is probably true to’ say 
that to-day Britain has larger stocks of scrap than at 
any period in her history. Some of the scrap that has 
heen collected in this way is, of course, of a non-recurring 
character. 

Vast sums have been spent upor the effective obscura- 
tion of blast furnaces, mills, shops and coking ovens. 
Overseas visitors to Britain have been astonished by the 
remarkable success which has been achieved in this 
direction. The price paid, however, is heavy, in that 
conditions for the workers are made very unpleasant 


Casting steel 

ingots at a 

British steel- 
works. 
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d in hot weather almost unendurable. This hardship 
has been cheerfully faced by Britain’s steelworkers, who 
know that the safety of the steelworks is vital to the war 
effort. 

Che dilution of labour that became necessary by the 
steady call-up of the younger men from the works has 
been overcome by the increasing employment of women. 
As compared with a pre-war figure of approximately 
4°.,, to-day Britain’s steel industry is employing nearly 
20°,, female labour. This percentage varies to some 
extent, as, for example, some of the Ministry of Supply 
bomb foundries have a female personnel of between 
80 and 90%, whereas in the heavy steelworks the average 
is round about 13%. The range of work being done by 
women is remarkable. A brief list of tasks chosen at 
random from the nine hundred or more specific jobs 
now being done by women in the industry is not without 
interest ; it includes charging car-mixer, crane-driver, 
furnace labourer, weighman, deseamer, band sawman, 
bar straightener, precision grinder, billet inspector, in 
addition to many others. The older men left to carry on 
have done well. The skill and ability of the British steel- 
worker is proverbial, and although the older men have 
not the physical strength of their sons in the Services, 
craftsmanship, such a vitally important element in steel 
production, has been fully maintained. Some of the men 
at work to-day have been engaged on steel production 
for fifty years or more, and it is in no small means due 
to their experience and sustained effort that the average 
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output of Britain’s steel furnaces is to-day rather higher 
than pre-war. 

This résumé of the difficulties, which have been to such 
a large extent overcome by the industry, as is indicated 
by maintenance of increased output despite the lower 
iron content of ores used, can be usefully followed by a 
brief analysis of the industry’s achievements. First and 
foremost, there is a general consensus of agreement that 
Britain’s war effort has not at any time been held up to 
any appreciable extent by shortage of steel supplies. 
There have, it is true, been occasional bottlenecks, but 
these have been more often than not failures of dis- 
tribution and not real shortages of any particular 
product. To make sure that all the steel produced went 
directly into the war effort, a distribution of steel 
supplies scheme was initiated in March, 1940. This 
scheme has worked with increasing efficiency and effect, 
so that to-day, according to an announcement recently 
made by the Minister of Production, 76%, of Britain’s 
steel output is going into direct war production, and the 
balance into ancillary services, such as_ transport, 
necessary building construction, and so forth. It can 
be said, therefore, that Britain’s entire steel output 
is completely controlled and used under Government 
direction. 

The changing demands as the war developed have been 
invariably met. More often than not the changes 
required have been of a kind calculated to cause the 
steel industry a good deal of embarrassment. The 


A striking view of the great United States steel-producing city where production for war is on a colossal scale. 


iat, 











120 METALLURGIA 








Juty, 1945 


One of 
Britain’s gi int 
naval guns in 
course of miun- 

ufacture 


demand for steel strip of every kind, of increasingly yggmetal used in this country, but about one-third came 


better quality and finer gauge, has been a constant 
headache. When it is remembered that | ton of 0-004 in. 
thick steel strip is equivalent in man hours to 10 tons, 
at least, of 0-062 in. thick steel strip, it can easily be 
appreciated that limited rolling capacity has been hard 
pressed at times by the insistent demand for thin strip 
of all kinds 

While measures have been taken to relieve the raw 
material position, parallel efforts have been made to 
reduce, wherever possible, unduly high specifications for 
steel. When the war began, the British Standards 
Institution had records of two thousand or more different 
steel specifications supplied by the various steelworks. 
It must be remembered that the elements required to 
make the alloy and special steels, which formed the 
major part of these specifications, were imported from 
abroad 
all the sources of essential steelmaking elements were 
overseas. Even the iron ore of this country is, on the 
whole, of low grade, and before the war it was supple- 
mented by iron ore from Sweden, Spain, Norway, India, 
France and French Africa ; while the major part of the 
ferro silicon requirements were imported from Norway, 
Sweden, Finland, and the British Empire. Manganese 
ore was imported mainly from the British Empire, as 
was chrome ore, although a considerable tonnage of the 
latter was shipped from Greece and from Portuguese 
East Africa. We obtained ferro chromium mainly from 
Norway anc Sweden, though some supplies came from 
Turkey and France. Nickel was largely shipped from 
Canada, though supplies were also obtained from Norway. 
The British Empire supplied the majority of the tungsten 


Apart from coal, iron ore, and ferro silicon, 


from China and a smaller amount from South America. 
Many important ferro-alloys, including molybdenum 
metal and ferro-molybdenum, titanium and _ferro- 
titanium, vanadium and ferro-vanadium, were imported 
from Germany and Austria, supplemegged by supplies 
from France, Norway, Sweden and the United States. 
The main supplies of cobalt metal came from the 
Belgian Congo through Belgium, other shipments coming 
from Canada and Australia. Nearly two-thirds of our 
titanium ore was imported from Norway, the remainder 
coming from India and Ceylon and to some extent from 
the United States. About a third of our requirements of 
magnesite was supplied by Germany and Austria, 
another third by Greece, and the remainder largely from 
British Empire sources. Nearly half the graphite used 
came from Norway, Japan, Germany and Italy, the 
remainder mainly from Madagascar and British Empire 
sources, 

From this brief summary of the sources of materials 
used in the production of steels before the war, it will 
be appreciated that considerable changes became 
necessary. At that time the manufacturing concern 
producing alloy steels could buy just as much of any 
element it was desired to incorporate in a steel; the 
emergency of war, however, created a different state! 
affairs and necessitated reconsideration of the world’s 
supplies and the availability of these different elements. 

The first step taken was to review the whole field of 
alloy steel consumption and to schedule the various 
compositions and properties which apply to different 
uses. For this purpose a Technical Advisory Committee 
was appointed by the Special and Alloy Steel Comm ttee. 
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Engines for Wel- 
lington bombers 
receiving a final 
overhaul before 
issue to service 
stations. 


The outcome of this effort was the substantial reduction 
in the number of special and alloy steels. It was found 
that, instead of over 2,000 specifications, the whole of 
the materials could be and were defined into 85 types or 
categories. The basis for the definition in each case was 
not necessarily the same, but it was either on the basis 
of composition, tensile strength, special properties or 
applications. 

This classification, known as the T.A.C. Schedule, was, 
as regards general engineering steels, crystallised in the 
form of the British Standards Specification 970, con- 
taining about 56 specifications, instead of about 1,500, 
dealing with wrought steels and forgings up to a ruling 
section of 6in. This was followed by an explanatory 
book known as B.S. 971, in which the Schedule was 
discussed and many examples given, both as regards pro- 
perties, heat-treatment, and other necessary information. 

The publication of these standardised steels in B.S. 970, 
known as the En Series Wrought Alloy Steels, and which 
were based on the availability of alloying elements, 
enabled control to be effected on the type of steel to be 
used for a particular purpose. Later the Ministry of 
Supply issued its own internal schedule, which translated 
the essential steels to the EN series of B.S. 970 into a 
series of inter-departmental S.T.A.M. specifications for 
use in Government factories and in relation to works 
working with them. 

The first issue of B.S. 970 was published in 1941, and 
by order of the Minister of Supply a Direction was issued 
by th. Controller of Iron and Steel to all alloy steel ingot 
mak A revised B.S. 970 was published in 1942, and 
4 ney Direction based upon this later Schedule has 
receniy been issued superseding the former Direction. 
Unlil.- the first, the new Direction is restrictive only in 
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regard to alloy steels, which for this purpose are those con- 
taining, by specification, any one or more of the following 
elements :—0-40°%, or more of chromium or nickel ; 
0-10% or more of molybdenum or tungsten or vanadium ; 
10-0°% or more of manganese. Non-alloy steels may be 
made and supplied unreservedly, subject, of course, to 
the Iron and Steel Control orders with regard to 
authorisation to acquire and use such steels. 

By -means of this fundamental rationalisation, the 
two thousand or more different steel specifications con- 
tained in the records of the British Standards Institution 
have been reduced to, roughly, ninety; the Iron and 
Steel Control has thus been able to allocate raw materials, 
particularly ferrous alloys and high-grade iron ore, on an 
equitable basis and to facilitate the placing of orders for 
any one of the ninety specifications can be produced 
by the majority of firms. It is probable that the great 
national need will involve further economies in the use 
of alloys, and the T.A.C. are engaged in considering 
what further steps can be taken to make more com- 
pletely effective the rationalisation of special and alloy 
steels. The cuestion of standardisation has been fully 
discussed with the United States Government, an Alloy 
Steel Mission to discuss this and other questions having 
reached a very large measure of agreement with a Joint 
American and Canadian Committee in Washington, 
recently. The supply of ferrous alloys is now controlled 
from Washington and allocated as required to the United 
Nations. 

It would be impossible even to enumerate the thousand 
and one applications of steel in the war effort. It is the 
basis material used in the building of ships of the Royal 
Navy and for their armament and equipment, for the 
weapons and equipment of the Field Forces and to a 
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lesser relative extent for the planes and armament of 
the Royal Air Force. It is the principal material for 
providing the means of transport, whether on land or 


sea. The modern army includes mechanised divisions, 
and its fire power far exceeds the imagination of those 
who were engaged in the Great War. Steel is the principal 
material for the making of guns, from the rifle through 
the extensive range of machine guns, firing small 
calibre bullets and shells, to the large naval guns, firing 
shells over a ton in weight. The demand for shells has 
been and continues to be phenomenal, particularly for 
small calibre shells under 5in. in diameter, for use in 
fast armoured divisions, anti-aircraft guns, and for 
smaller guns mounted in bomber and fighter aircraft. 
Even early last vear big guns were being produced at 
the rate of 40,000 a year, and 25,000,000 rounds of 
ammunition was being supplied with them. In addition 
to projectiles fired from guns, which are making enormous 
demands on steel output, other types of projectiles are 
being produced in gradually increasing quantities. Of 
these, mention may be made of the torpedo, the shell 
body of which is formed from a steel ingot or billet 
which is pierced and drawn to the approximate diameter 
and thickness for subsequent machining. This method 
of manufacture, in addition to being applied to various 
sizes of shell bodies for guns and their ammunition, is 
also used for other important purposes contributing to 
the war effort, including such components as submarine 
air vessels, high-pressure drums, superheater headers, 
and othe pr “ucts, for which steel is the essential 
material 

Although in the construction of aireraft light metals 
play the major part, the amount of steel consumed for 
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One of Bri- 
tain’s cruiscr 
tanks now 
being pro- 
duced by the 
thousand. 


engine and airframe parts is considerable, and may 
exceed a ton in heavy bombers. Thus, for instance 
such vital parts of the engine as the cylinders and 
evlinder liners, the inlet and exhaust valves and valve 
springs, the crankshafts, connecting rods, camshafts and 
airscrew shafts and bearing housings are made from 
steel; other parts include the hydraulic clutch, pump 
plunger and barrel, supercharger parts and the airscrew 
hub. In the construction of the airframe, such parts, 
as the spar and its components, wing root fittings, engine 
mountings, parts of the undercarriage, components of the 
control system, and a number of other miscellaneous 
parts are almost invariably of steel. 

But probably the greatest demand on the steel output 
for offensive action is that for the production of tanks. 
From the relatively small armoured car to the largest 
tank the use of steel easily predominates other materials 
used in their construction. Last year Britain was 
producing these tanks, * jeeps *’ and other mechanised 
vehicles at the rate of 257,000 a year, and, with the 
offensive initiative gradually passing into Allied hands 
it is reasonable to assume that this rate of production is, 
at least, being maintained. 

It has been said that ships, airplanes and guns were 
the most important of the demands early in the war. 
The position has not changed. In this titanic struggle 
there is a continual need for ships, airplanes and guns 
in ever increasing numbers and speed. But this applies 
to all plant and equipment essential to the successful 
prosecution of the war: it is concerned not only with 
warships and auxiliary vessels for the Navy, guns end 
mechanised equipment for the Field Forces, and planes 
and equipment for the Air Force and for the Navy, but 
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to all sections of industrial activity cortributing to the 
war effort. It applies particularly to the means of 
transport, whether of food, troops, munitions or equip- 
ment, and of the raw materials necessary in production. 
The need for a greatly increased merchant navy has 
long been appreciated, and while tremendous help has 
been given by the great output of cargo vessels in the 
United States, the building of new ships and the repairing 
of damaged ones have proceeded at great speed in this 
country and far exceeded what was considered to be 
the limit of our capacity. On the railways, too, there 
has been and is to-day a heavy strain upon rolling stock 
and equipment, and constant replacements and additions 
are necessary to maintain the various services at an 
efficient level. 

All have made and continue to make great demands 
on the output of steel. Since the war began emphasis 


METALLURGIA 123 


has been on increased steel production, and by taking 
extraordinary steps, not only by building new plant, 
but by increasing the output from existing furnaces, 
by reducing the time per heat and increasing the number 
of heats before shutting down for repairs to lining or 
roof, the industry has and is doing a tremendous job of 
work to meet the nation’s need. Major problems of great 
complexity have been encountered, yet although in 
every case complete solutions have not yet been found, 
high-quality production is maintained. 

The call, ** Give us the tools,” is not now so frequently 
heard as in 1940 and 1941, but “ give us steel” will 
continue to be heard while the war lasts ; thus, there is 
need for the continued exertion of all engaged in the 
iron and steel industry to meet the demands made upon 
them, and there is a quiet confidence among them which 
indicates that they will not fail. 


Carbon and Alloy Steels for War 
Purposes 


A Review of Existing Schedules 


In order to make the best use of available materials used in the manufacture of steels, 
especially alloying elements, and to ensure that they are effectively applied, a consider- 
able degree of rationalisation of carbon and alloy steels has taken place to meet war- 


time conditions. 


New specifications and schedules have been prepared and a very 


substantial reduction made in the number of steel compositions used in the present 


emergency ; these are 


URING the last four years a considerable degree 
of rationalisation of carbon and alloy steels has 
taken place in order to meet wartime conditions. 

The principal steels dealt with in such rationalisation, 
which has applied not only to steels used in general 
engineering but also to steels used for armaments and 
wheeled vehicles, are the wrought steels used in the 
form of bars, billets, light forgings, plates, strip, sheet, 
tubes and stampings. The work of preparing speci- 
fications and schedules dealing with the various steels 
has been carried out by the Technical Advisory Com- 
mittee of the Special and Alloy Steels Committee of 
the Ministry of Supply, and the Superintendent Technical 
Applications Metals Department of the Controller- 
General of Research and Development, Ministry of 
Supply. The various specifications and schedules have 
been issued by the British Standards Institution. 


En Steels 

In 1941 a War Emergency British Standard Schedule 
970 was issued, which contained particulars of 58 steels, 
the En steels, selected by the Technical Advisory 
Committee (T.A.C.) of the Iron and Steel Control. The 
steels selected were wrought steels in the form of bars, 
billets, light forgings, and stampings up to 6 in. ruling 
section. Fifteen of the steels are plain carbon steels 
and {3 are alloy steels. In this schedule general require- 
ments are laid down for manufacture, heat-treatment 
definitions, mechanical tests, provision of test-pieces, 
heat-treatment of bars and billets for forging, alter- 
native treatment for case-hardening steels, inspection 


briefly summarised. 


and testing facilities. For each individual steel chemical 
composition, heat-treatment and mechanical tests are 
specified, and in the case of certain individual speci- 
fications tensile range reference symbols, using the letters 
A, B, C, ete., are adopted, so that the same letters 
always represent the same lower limits of the tensile 
range. In a revised edition of this specification issued 
last year a new series of letters from N to Z, representing 
tensile strengths from 30 to 100 tons per sq. in., replace 
the original letters A, B, C, ete. 


T.A.C. Schedule 

Concurrently with the issue of Schedule 970 was 
issued a companion document, British Standard 971. 
This latter schedule, which was produced by the T.A.C. 
with the object of facilitating the supply of carbon and 
alloy steels for war purposes, contains 33 steel specifi- 
cations, of which nine are for carbon steels and the 
remainder for alloy steels. In this T.A.C. schedule 
certain steels are recommended as the most suitable for 
certain purposes, and these together with the alternatives 
given provide the basis of the En steels contained in the 
first schedule. The two schedules which must be 
regarded as complementary to one another give together 
a successful rationalisation of wrought steels, and in 
addition to assisting the war effort provide a distinct 
advance in engineering metallurgy so far as ferrous 
metals are concerned, 

In the T.A.C. Schedule 971, for each steel there are 
given a range of composition, data comprising proof- 
stress values, ultimate tensile strength, elongation per 
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cent., and Izod impact. The proof-stress values quoted 
are given corresponding to three amounts of permanent 
set, 0-1, 0-2 and 0-5°%, in order to meet the variations 
in practice followed in different industries by different 
engineers. The large amount of valuable and informative 
data included in this schedule facilitates the task of the 
designer in selecting the most suitable and at the same 
time the most economical steel, with particular reference 
to the mfluence of mass, as special data is given regarding 
the ** mass effect ” appertaining to each of the types of 
steel dealt with. 


V Steels 

In 1942 a further schedule of service _ steels, 
B.S. S.T.A. 5, for armament and vehicle marufacture 
was issued. This schedule was prepared as a statement 
of the general service requirements for engineering steels 
to co-ordinate and simplify the material aspect of current 
wartime manufacture, and is stated to be an explanatory 
one of requirements based on the recent revised form 
of B.S. 970 En series (1942), and also takes into account 
the Direction of the Controller, B.S. 970a, 1942, which 
limits the available types of alloy steels and enforces the 
economical use of alloy elements. It is drawn up by a 
conference of the technical representatives of various 
Government Departments in collaboration with thé 
Superintendent Technical Applications of Metals, Ministry 
of Supply, and represents a fusion of requirements, 
towards the smallest posssible number of essential steels 
including carbon and alloy types for general purposes. 

In preparing B.S./8.T.A.5, due regard has been paid 
to the widely distributed nature of the engineering 
industry, the introduction of many new works as sub- 
contractors, the difficulty of maintaining the necessary 
degree of uniformity of individual parts, and the need 
for simplification of the procedure for ordering material, 
both by contractors for their own use and by Service 
departments, for stock or free issue. For each steel 
selected is given the conditions for its acceptance by 
the fabricator or service department, followed by tests 
yoverning the acceptance of the treated parts at the 
works of the fabricator. 

Each steel in the schedule is defined by composition, 
together with mechanical properties. In some cases 
where the steel is required for subsequent heat-treatment 
by mass-production methods, it may be ordered to 
composition only, and suitable sub-divisions of the carbon 
ranges are provided, with the symbols to be used for 
ordering purposes. Slight variations in certain steels 
for special purposes are similarly dealt with, and 
provision is made for the recently introduced free-cutting 
types of the corrosion-resisting steels. Notes on the 
manufacture of the respective steels are included, and 
the main service applications of each material are 
indicated. Information is also given on specifications 
which are to be used in ordering tubes, where these are 
available, in steely of related composition and properties. 

All the steels in the schedule, which are given a V 
number and are known as the V steels, fall within the 
ranges of composition and properties of the En series 
of B.S. 970, with the exception of V.L.C. (a free-cutting 
carbon-manganese steel for heat-treatment purposes), 
V.4 (28 38 carbon), and V.4B (50 carbon steel), for 
which there are no existing En references. In dealing 
with the various steels, it has been laid down by the 
Iron and Steel Controller that wherever possible En 


reference shall be quoted. The Department of the 
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Ministry of Supply dealing with wheeled vehicles (T.T.2 
had previously found it essential to issue a departmenta 
schedule (W.V. Series) to cover the requirements of th 

automobile industry. As this industry and its sul 

contractors are also engaged on the manufacture: of 
other types of armaments, it was found convenient to 
incorporate this series of steels in the new series of stee!s 
and to retain the W.V. numbering, so as to avoid the 
disturbance of existing practice. The list of steels 
covered by the new schedule, together with their VY 
numbers, the superseded W.V. numbers, their B.S. 970 
En reference, and the nature of the steel are given in 
Table I. 

TABLE L—CARBON AND ALLOY STEELS, V. STEELS 


B.S. 8. TAS, 






Super 
\ sedling Bs, v7 
Steel WV. Steel En Nature of Steel, 
N No Reference 
l l Free-cutting steel for general purposes, 
1A iA 1A Low-carbon free-cutting steel for case- 
hardening. 
It Ih 7A Free-cutting carbon-mangancse steel, 
lt None Free-cutting carbon Manganese steel for heat- 
treatment, ‘ 
2A Mild steel for cold-working. 
; ; Standard mild steel, 
i i None “28/38 carbon steel, 
iA SA S *40” carbon steel, 
ik None “50 carbon steel, 
o 5 ” “55” carbon steel, 
6 i 14 Carbon-manganese steel, 
6A it Carbon-manganese steel (welding quality) 
i 7 15 | Carbon-manganese steel (high-tensile strength) 
8 gb 13 Manganese-nickel-molybdenum steel, 
vA vA t Manganese-molybdenum steel. 
91 on 17 Manganese-molybdenum steel (higher molyb- 
denum), 
“ 18 1°, chromium steel, 
wD 19 1°, chromium-molybdenum steel. 
I Ww 24 14°, nickel-chromium-molybdenum steel. 
ll 11 25 24° ~nickel-chromium-molybdenum _ steel 
(* 30.°"" carbon), 
Iz iz 26 24° ~~ nickel-chromium-molybdenum _ steel 
“(* 40" carbon). 
13 13 au 14° nickel-chromium steel. 
It lt 1 1% carbon-chromium steel. 
1S 1 ? 00-15% carbon case-hardening steel. 
6A iA H 2° nickel-molybdenum case-hardening steel 
16h 16b io) 2° nickel-molybdenum case-hardening steel 
(higher carbon). 
Is Is ‘ 3°, nickel-chromium case-hardening stee!, 
ISA Hl 3°, niekel-chromium case-hardening steel. 
1% ro a) 4}°, nickel-chromium case-hardening steel. 
2 il 13°, chromium-aluninium-molybdenum steel 
for nitriding 
iv Hard-drawn carbons teel wire for valve 
springs. 
> | 43 } Carbon spring steel for oil-hardening and 
tempering. 
; 1 Silicon-manganese steel for Laminated springs. 
24 24 ed Silicon-chromium valve steel, 
es) 36 Chromium rust-resisting steel. 
-5M Mi Chromium rust-resisting steel (free-cutting) 
t af High-nickel-chromium-tungsten valve steel 


aN Austenitie-chromium-nickel rust- and acid- 
resisting -teel (18/8 type). 


Free-Cutting Steels 

V steels 1, 1A, 1B and IC are free-cutting steels. The 
first two contain 0-2% and 0-07 to 0-15% of carbon, 
respectively, and 0-20 to 0-30% of sulphur. The 0-2", 
carbon steel, whether for machining or forging, may be 
ordered as “ lead-bearing,” in which case it must 
contain not less than 0-15°%, and not more than 0°35", 
of lead, and tests for lead segregation may be specified. 
The higher carbon steel may also be used for parts 
requiring to be case-hardened, but it is preferable to 
use the lower carbon steel for this purpose. Both steels 
may be used for various machined components not 
subjected to shock or high stresses, such as nuts, studs, 
ete. Steels V.1IB and V.1IC contain 0-12 to 0-18" 
carbon, 1-0 to 1-5°,, manganese, 0-08 to 0-15%, sulphur, 
and 0-35 to 0-45°,, carbon, 0-90 to 1-40°, manganese, 
0-12 to 0-20°, sulphur, respectively. The former ‘s 
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suitable for general free-machining purposes and for case- 
hardened components requiring higher core strength 
than is given by steels V.1 or V.1A, and the latter for 
small heat-treated parts in which a free-cutting steel 
may safely be used to increase rate of production. 
Tubes are not available in any of those free-cutting 


steels. 


Carbon Steels 

Steels V.2 to V.5 are carbon steels having minimum 
tensile strengths of 26, 28, 32, 35 and 40 tons per sq. in., 
respectively, in their rolled or normalised condition. 
The first is a mild steel for cold-working, and its speci- 
fication covers a “‘ riming ” type of steel required to be 
capable of withstanding a moderate amount of bending 
or cold forming without cracking. Qualities for deep 
drawing, special deep drawing, cold pressing, and for 
seamless tubes have to be ordered to special specified 
compositions and mechanical tests, and are suitable for 
such parts as boxes, clips, deep pressings, wheel rims, 
moderately deep drawn members, cold-pressed chassis 
frames and boiler tubes. V.3 is a standard mild-steel 
suitable for plates and rolled sections, cold-pressed or 
cold-worked sheets or strip, and for forgings, and finds 
application for general structural parts, and welded-plate 
structures. Seamless tubes and welded tubes are also 
available in this steel to a special composition. Steels V.4, 
V.4A, V.4B and V.5 have increasing carbon contents 
and mechanical strengths, and for each steel special 
composition requirements are given as regards carbon 
and manganese or carbon for special applications 
requiring heat-treatment. They are used according to 
their mechanical properties for a variety of purposes, 
including heat-treated bolts and studs, va7ious engine 
components, axles and axle tubes, engine ‘rankshafts, 
connecting rods, propeller shaft couplings, gun parts, 
ammunition parts, keys, rifle barrels, small arms compon- 
ents, etc. For tubes special compositions are given for 
the first three steels, but for V.5 there is no corresponding 
specification for seamless tubes. 


Alloy Steels 

The three carbon-manganese steels, V.6, V.6A and 
V.7 contain 1-3 to 1-8% manganese with varying 
amounts of carbon. The first of these steels has a 
minimum tensile strength of 38 tons per sq. in. in its 
normalised condition, and on suitable heat-treatment 
this strength may be increased to a minimum of 40 to 
45 tons per sq. in., and the last of these steels a normalised 
strength of 40 tons per sq. in., which can be increased to 
a minimum of 45 to 50 tons per sq. in. by heat-treatment. 
Steel V.6A has welding characteristics permitting its 
use in any structure which can be fabricated in mild steel. 
It differs from mild steel in requiring certain simple 
precautions, such as the use of large-size electrodes and 
preheating in sections of lin. thick and above, where 
practicable. In special cases a stress-relieving treatment 


at 590° to 550° C. may be applied. Seamless tubes are 
available in the case of the first two manganese steels 
to other specifications, and a B.S. specification for the 


V.7 steel is in preparation. 

The low-carbon manganese steel is widely used for 
Welded and riveted structures comprised in gun- 
mou tings, bridges, etc., and in some cases as a substitute 
lor) \, nickel steel, the welding quality carbon-manganese 
‘tee’ is in general use for welded structures, and the 
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higher-carbon manganese steel is used for axles, shafts, 
gas cylinders and heat-treated gun parts. 

Manganese-nickel-molybdenum steel V.8, manganese- 
molybdenum steels V.9A and V.9B, the 1% chromium 
steel V.9C, and the 1% chromium-molybdenum steel 
V.9D are all high-tensile steels giving in a 1}-in. section, 
after oil-hardening from a temperature depending on the 
particular steel and tempering in a suitable range, 
minimum tensile strengths ranging from 40 to 65 tons per 
sq. in. The first two steels are available as bars, billets, 
forgings and plates; the 1%, chromium steel as bars, 
billets and forgings, and the other two steels as bars, 
billets, forgings and tubes. Steel V.8 is a general- 
purpose economical alloy steel, particularly valuable 
where a high resistance to impact is required, and is also 
used for welded structures requiring high-tensile pro- 
perties. Steel V.9A is used to replace 3 and 34% nickel 
steels in small sections, and steel V.9B to replace similar 
steels in larger sections. Steel V.9C is used for gears, 
connecting rods and other automobile components, and 
the 1% chromium-molybdenum steel for a wide variety 
of uses, replacing nickel and nickel-chromium steels 
for gears, propeller shaft joints, ete. 

V steels 10 to 13 cover three nickel-chromium- 
molybdenum steels and one nickel-chromium steel. The 
three former, after suitable oil-hardening and tempering, 
have minimum tensile strengths increasing from 70 to 
100 tons per sq. in. in 1}-in. section, and the latter, after 
oil- or air-hardening from 820° C. and tempering at a 
suitable temperature in the range 200° to 250°C., a 
minimum tensile strength of 100 tons per sq. in. All 
these steels are available as bars, billets, forgings and 
tubes, excepting the 24° nickel-chromium-molybdenum 
steel containing 0-36 to 0-44% carbon, which cannot 
be obtained in seamless tubes. Steel V.10 is used for 
axle tubes, high-duty engine-connecting rods, and in its 
higher tensile ranges for gears, besides being generally 
used to replace 3%, nickel-chromium steel. Steels V.11 
and V.12 are used for highly stressed transmission com- 
ponents» and steel V.13 for highly stressed gears and 
other transmission components and for purposes 
requiring freedom from distortion in heat-treatment. 

Steel V.14 contains 0-9 to 1-2°% carbon and 1-0 to 
1-6°% chromium, and is suitable for parts requiring high 
hardness such as ball and roller bearings. The hardened 
steel should give a diamond pyramid hardness number 
of 800 to 950. 


Case-hardening Steels 

Steels V.15 to V.19 are the case-hardening steels 
available for war purposes, and V.20 is a steel suitable 
for nitriding. All these steels are produced as bars, 
billets and forgings, and the 0-15% carbon case- 
hardening steel is also available in the form of sheets, 
strip and tubes. The carbon steel is used principally 
for camshafts, gudgeon pins and other case-hardened 
components, while the two nickel-molybdenum steels 
are used for gears and other transmission components, 
shackles and screw stoppers, and for gears, shafts, pinions, 
and other case-hardened transmission components 
respectively. The former steel can be used generally to 
replace 3° nickel-chromium case-hardening steel, and 
the latter steel to replace 5°, nickel case-hardening steel 
for many purposes. The two nickel-chromium case- 
hardening steels are used for transmission parts and for 
small-arms mechanism components, and for heavy duty 
gears and heavy roller bearings, respectively. The latter 
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steel is high in alloy content, and should only be used 
where high-tensile strength is essential. 

The nitriding steel containing 0-18 to 0-45°% carbon, 
1-4 to 1-8°%, chromium, 0-90 to 1-3°%, aluminium, and 
0-10 to 0-25%, molybdenum, after suitable heat- 
treatment, may be obtained with minimum tensile 
strengths of 35 to 55 tons per sq. in. This steel is used 
for parts required to be highly resistant to wear, such as 
ball-joints for front-wheel drive, track pins, shackle 
pips, ete, 


Special Steels 

Three special steels are specified for springs. The 
first, V.22, containing 0-7 to 0-8% carbon and 1-0% 
manganese, is required when in the hard-drawn con- 
dition and blued at a suitable temperature in the range 
200° to 375° C., to have a tensile strength of 95 to 
120 tons per sq. in. It is used for engine-valve and other 
springs produced from hard-drawn wire. The second, 
V.22A, an 0-7 to 0-9%, carbon steel, is required in the 
oil-hardened and tempered condition to have a Brinell 
hardness of 341 to 429, and is used for springs and 
spring clips, while the third steel, V.23, containing 
0-5 to 0-6% carbon, is also required to have a 
Brinell hardness of 341 to 429 in its final heat-treated 
condition, and is used for laminated springs and 
torsion bars. 

Steel V.24, specified to contain 0-4 to 0°5% carbon, 
3°25 to 3-75%, silicon, and 7-5 to 9-5°%, chromium, and 
available in the form of bars, billets and forgings, has a 
Brinell hardness of 255 to 293 after oil-hardening from 
950° to 1,050° C., and tempering at a suitable tempera- 
ture in the range of 650° to 850°C. and quenchii g in 
water. This steel is used for internal-combustion ergine 
valves. 

Chromium rust-resisting steel, specified to contain 
0-21 to 0-28°, carbon and 12-5 to 13-5°, chromium, 
and available a3 bars, billets, forgings, strip, sheet, wire 
and tubes, after suitable heat-treatment, has a m#imum 
tensile strength of 45 tons per sq. in. For special 
purposes requiring a higher tensile strength, the carbon 
content should be specified as 0-28 to 0°38 and the 
minimum heat-treated tensile strength as 75 tons per 
sq. in. For turbine blades the carbon content may be 
specified at 0-12, carbon maximum, and for seamless 
tubes the composition should fell within two D.T.D. 
specifications. If required to have free-cutting properties, 
this steel should contain one or more of the added 
elements selenium, zirconium or molybdenum up to a 
maximum of 0-6°,, lead from 0-15 to 0°35°%, and/or 
sulphur from 0-3 to 0-85%%. 

Steel V.26, containing 0°35 to 0-50°, carbon, 10%, 
nickel, 12 to 16°, chromium and 2 to 4%, tungsten, 
should only be specified for internal-combustion engine 
valves working under special high-duty, high-tempera- 
ture conditions. For all ordinary purposes steel V.24 
should be specified. For purposes requiring corrosion or 
acid resistance, steel V.27 (18 8 type) should be used. 
It should not be relied upon, however, for constructional 
purposes unless very lightly stressed. If required for 
free-cutting pucposes, it should contain one or more 
elements similar to those added to the chromium 
rust-resisting steel, This austenitic steel is available 
in the form of bars, billets, forgings, sheet, strip, wire 
and tubes, the last being specified to two D.T.D, 
specifications, 
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British and American Specifications 

This year a summary of British and America: 
standard specifications for iron and steel has been 
prepared and issued by the British Standard Institution 
as B.S. L111. This summary gives in tabulated form 
British Standard Specifications for structural purposes 
shipbuilding, railway rolling stock and permanent way 
materials, transport, general engineering and mines 
Tables are also given for wrought-iron plates, sections, 
bars and tubes; for malleable iron castings ; for grey 
iron and high-duty iron castings, and for cast 
iron and high-duty iron castings, and for cast-iron pipes. 
Steel bars, forgings, sheet, strip, tubes and wire for 
aircraft materials are also dealt with according to 
British Aircraft Standards and D.T.D. Specifications. 

Tables of American steels include the carbon and alloy 
steels of the Society of Automotive Engineers (S.A.E.), 
the national emergency steels issued by the War Produc- 
tion Board of America, aeronautical material specifica- 
tions for tentative alternative steels, and for bars, 
forgings, sheet, strip, tubing and wire issued by the 
S.A.E., American Society of Testing Materials (A.S.T.M.) 
specifications for structural steels, railway stocks, general 
engineering steels and tubes and pipes ; and the United 
States Federal Steels. 

B.S. 1111 also contains in an appendix a number of 
war emergency relaxations with regard to certain 
British Standard Specifications. 


Cobalt—Its Uses and Substitutes 

A REPORT* of the National Academy of Sciences to the 
War Production Board on the above subject indicates 
that the United States depends chiefly on the Belgium 
Congo for its supplies of cobalt. Should supplies be cut 
off the United States would face the problem of finding 
substitutes or developing low-grade deposits, some of 
which probably could be placed in production as an 
emergency supply. 

Cobalt is used in cutting tools and in permanent 
magnets and the question of substitutes is discussed. 
There is a tendency to regard the use of cobalt in high- 
speed steel as absolutely indispensable. According to 
some experts, there is no known substitute for cobalt 
in high-speed alloys for the particular applications to 
which they are subject. On the other hand, others are 
of the opinion that the use of cobalt could be sub- 
stantially reduced if necessary. The following com- 
positions are suggested as substitutes for many applica- 
tions of cobalt high-speed steels :— 


Carbon 1 1-25 1-25 


Tungst -n 1S -0) r 5 
Molybdenum Se 1-0 
Chromium i oo i 
Vanadium 3-00 oH 1-00 


With regard to magnet alloys, some of the conclusions 
drawn for the conservation of cobalt include: (1) 
Molybdenum and _— tungsten-chromium-molybdenum 
alloys containing no cobalt can be substituted with little 
or no change in magnet design for the ordinary com- 
mercial low-cobalt magnet steel, and also the chromium- 
cobalt magnet steels. Precipitation hardened alloys 
containing 6-10°, Co and 16-19% Mo probably can be 
used in place of the tungsten-cobalt: commercial steels 
containing 17°, Co. In this case, 16°, Mo takes the 
place of 11°, Co. 





By John Kostor ond H, W, Davis, of the U.S, Bureau of Mines, 1942, 





— a 


a -: = 








1943 


JULY, 


METALLURGIA 127 


The Heat-Treatment of High-Speed 
Steel 


By A. Linley, B.Met., Assoc. Met. 


(Chief Metallurgist. Darwins, Ltd.) 


Some practical and theoretical aspects of the heat-treatiwent of available high-speed steels are 


disc USSE d. 


Metallurgical requirements are 


considered and attention directed to the 


annealing, hardening and tempering processes to obtain the desirable conditions for 


shaping the steel, and for its use in the form of tools. 


Particular attention is directed 


to the 4-6 molybdenum high-speed stcel recently standardised in this country. 


a 
TT: E foundations of the practice and knowledge of 


modern high-speed steel were laid as long ago as 

the beginning of the present century. The present 
state of efficiency of this steel has been achieved by long 
and patient experiment, largely empirical in character. 
Theoretical knowledge of the effects of the respective 
constituents of the steel on its properties arrived much 
slower, and even to-day much remains to be done in 
this respect. 

Since the time of the original conception of high-speed 
steel rany attempts have been made, by the addition 
of various elements, to improve its properties, but apart 
from the relatively recent introduction of molybdenum 
high-speed steel the only additions which have stood 
the acid test of practice and experience are those of 
vanadium and cobalt. 

Although there are innumerable slight variations in 
the composition of high-speed steels they can be generally 
classified as shown in Table I, at least as far as the British 
user is concerned. 


Ne rype. e. Cr. Ww. \ | Co | Mo, 


14/41 O67 b4-5 13/i5 O-5/1 
Is/4/1 0-65 0-80 - IX, 20 1 
4% Cobalt - - ” l 1/6 
f | 10/12% Cobalt v721 |i-0/2-0] 1ost2 | 
16 Molybdenum |0-75/0-85) 4/5 L-4/1-6} ;3-O/4ed 
' 


5-060 


In addition to this list, in the United States there are 
‘considerable quantities of molybdenum-vanadium high- 
speed steel and the Mo-Max type of low-tungsten high- 
rolybdenum steel as developed by Emmons, but these 
are of small interest in this country. 

The first of these listed steels, although much less used 
than formerly, still has advantages over the other types 
where toughness and flexibility is the prime property to 
be considered. The second steel, commonly known as 
I8 4 1, holds high place as the steel with the greatest 
variety of applications. Steel No. 3 was developed for 


increased cutting life under heavy conditions ; and like- 
Wise Steel No. 4 gives still further efficiency under 
certain strenuous working conditions, but it represents 
about the maximum alloy content which can be com- 
mercially forged and rolled. Steel No. 5 is the molyb- 
denim high-speed steel (4/6) recently adapted as a 
tandard in Great Britain. 

The immense variety of uses and applications to 
Whic|, this family of steels are subjected demands so 
wan) different properties that it is impossible for any 


one cel to fulfil all such functions satisfactorily, hence 





Carbide ‘‘ stringers ’’ in high-speed steel 
5°, Co type. .x 50. 


Fig. 1. 


the necessity for the multiplicity of compositions. The 
question as-to which particular steel is best suited for 
any one application is a matter of experience, and one 
much too lengthy to deal with here. 


METALLURGICAL REQUIREMENTS IN 
HIGH-SPEED STEEL 

A very prominent part in the physical properties of 
high-speed steel is played by the carbides. The size, 
shape and amount of the carbides determine the 
hardenability of the steel. When in solution the resis- 
tance to reprecipitation is the factor which determines 
red hardness. The toughness is also, in part, dependent 
on the shape, size and configuration of the carbide 
particles. The metallurgical structure of high-speed steel 
largely determines the properties of the material which 
are obtained, which obviously affect the usefulness and 
application of high-speed steel tools. 


The Effect of Rolling and Forging 
High-speed steel tools are produced from ingots of 
various sizes and shapes. In the as-cast or ingot con- 
dition the microstructure shows a cellular carbide 
structure which is extremely brittle, and crack propa- 
gation takes place very easily through such a structure. 
tefinement of the as-cast structure is carried out by 
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forging and rolling, both of which have the effect of 


breaking up the continuity of the cells, although rolling 
easily produces in exchange an elongated type of 
carbide structure—" stringers ”’ they are usually called— 
such as shown in Fig. 1. These “ stringers ’’ themselves 
create directional properties to a certain extent, but 
their effect on the tendency to fracture is very often 
exaggerated in the minds of some people. *‘‘ Stringers,” 
when present in high-speed steel, should be considered 
in connection with the shape, size and application of the 
tool ; and furthermore, the stress on the tool, in relation 
to its strength in any given direction, is a far more 
important aspect of the application. Although it is fair 
to say that the absence of “stringers” or cellular 
carbides is a desirable feature, many tools function 
perfectly when strings of carbide are present. In fact, 
in certain types of tools, they are nearly always present, 
and it is very difficult to prevent their occurrence except 
by exaggerated methods of production which would be 
far too costly. Upsetting, i.e., hot-forging in a longi- 
tudinal direction, destroys the stringer structure, 
however, and this method of production is used for 
articles which require maximum toughness. In such 
tools, however, as turning tools, the presence of carbide 
* stringers "’ is really of little consequence. 

The mechanism of the breaking up of carbide cells 
and “stringers” is much more complicated than 
commonly assumed. The carbides are extremely hard 
and refractory, and what exactly occurs in forging is 
still largely not understood. The statement made by 
Pinder,’ that the breaking up of the structure cannot 
he caused by a fragmentation, and is caused probably 
by a combination of solution, surface tension, diffusion 
and mechanical work, is probably nearer the truth than 
the fragmentation theory. 

Irrespective of whatever hot-work has been applied 
to the ingot, the next step in the processing is that of 
annealing, 

Annealing 

The most important aspect of this process is to produce 
a machinable material, and, furthermore, one which 
produces a bar surface easily inspected for defects. 
Annealing in closed containers gives the most desirable 
surface condition, the defects on the bar surface can 
easily be seen and the metallurgical condition at the 
surface is good. It is best to carry it out in tubes or 
boxes, sealed to prevent access of air. Some makers use 
a mixture of sand and coal-dust, but this is not entirely 
necessary. A well-packed annealing tube ; with close- 
fitting bungs sealed with clay ; into which a handful of 
ordinary charcoal has been thrown, will produce a first- 
class bar surface. 

The normal method of annealing is to heat the charge 
above Ac3 point, to hold it for sufficient time to obtain 
even temperature throughout, and to cool slowly. High- 
speed steel is strongly air-hardening, and it is, therefore, 
imperative to cool the material slowly through the Ar 
point 

The most desirable form of carbide particle to get 
from annealing is the rounded or spheroidalised shape, 
and this is most easily produced by annealing under the 
change point after a cold-rolling or cold-drawing 
operation. This method is not, however, commercially 


applicable to ordinary bar steel, hence the practice of 


annealing through the change point. The rounded 


Ll ** High-speed Stee Hm. W Pineler free tae, Mat 7, Mal 
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carbide structure produces the toughest material on 
hardening, whereas annealing through the change 
point produces a slightly more acicular carbide. 

Owing to the fact that only a part of the carbide is 
dissolved at temperatures slightly above the Ac3 point, 
then any cells or “ stringers’ which may exist in the 
forged or rolled bar still persist in the annealed condition. 

A rapid method of softening high-speed steel is merely 
to heat below the change point at about 750°C. This 
method is useful only for removing cold-work, and for a 
rapid softening of hardened tools which require some 
rectification by machining. In any case, hardened tools 
which require rectification should, if possible, be annealed 
through the change point to prevent “ fish-scaling,” 
referred to in a later part of this article, The annealing 
temperature of the various high-speed steels is not very 
much affected by composition, and for the steels shown 
in Table I the temperature should be approximately 
875°C, 
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Fig. 2.—_Effect of quenching temperatures on hardness of 
high-speed Steel. 
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Essential Properties 

After annealing, inspection of bar surfaces is carried 
out to eliminate such portions of the steel as are likely 
to prove faulty in further processing. The high-speed 
steel tools having been fabricated, or shaped, into the 
required form, hardening is essential to generate those 
properties required for the proper functioning of the 
tools. The essential requirements in high-speed steel 
are: (1) Hardness; (2) resistance to wear; (3) red 
hardness ; (4) toughness in a greater or lesser degree, 
according to application. 

(1) Hardness.—In order to attain a sufficient degree of 
hardness the carbides are required in solution to get 
martensite of sufficient hardness. The presence of 
chromium and cobalt assists in the solution of carbides. 
Vanadium, in excessive amounts, reduces the harden- 
ability (Kinzel and Burgess*) unless the carbon content 
is largely increased, although vanadium probably has 
some effect on limiting the grain-size obtained in 
hardening, and probably produces a slightly more 
soluble form of carbide. 

(2) Resistance to Wear.—This property is largely 
provided by the presence of carbide particles remaining 
2 Eifeet of Vanadium in High-speed Steel’ | Kingzel and Bury 

Amer, Inst. Min. & Met. Eng., 1952. 
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ut of solution. These carbides are extremely com- 
plicated in composition and very resistant to abrasion. 
he property of abrasion resistance is largely contributed 
by the element tungsten, which produces an extremely 
hard and wear-resisting form of carbide. 

(3) Red Hardness.—Red hardness is the resistance of 
ihe material to the tempering action caused by increase 
of temperature under working conditions—that is to 
say, it is the resistance to precipitation of the carbide 
out of solution, and the breakdown of the hard martensite 
structure into lower forms of lower hardness. This 
property is largely contributed by the tungsten in the 
steel. 

The addition of cobalt in high-speed steels produces a 
material which is definitely more brittle than the 
ordinary material. There is a greater tendency to crack- 
ing in the hardening of large sections, and more tendency 
to soft skin. On the other hand, however, cobalt steels 
are definitely less susceptible to grain growth in harden- 
ing. 

Hardening 

Fig. 2 shows the hardening curves of the types of 
high-speed steel enumerated in Table I (excepting No. 5). 
On looking at these curves it will be seen that at approxi- 
mately 850°C. there is a sharp rise in the hardness 
caused by quenching from this temperature, which 
indicates that the Ac3 point has been exceeded. 

The most important part of the curve, however, is 
the peak point. It will be seen from the curve that the 
14°, tungsten steel shows a peak in the curve which 
occurs at a lower temperature than for the other three 
steels, the peaks of which occur roughly at the same 
temperature. 

The fall in hardness caused by using hardening 
temperatures above the peak is due to the presence of 
increasing amounts of austenite in the hardened 
structure. 

Austenite is a much softer material than martensite. 
Quenched high-speed steel, according to Cohen and Koh,° 
contains tetragonal martensite, with 15-25%, of residual 
austenite and carbide in addition. Apart from the 
higher temperatures necessary to form austenite, the 
grain growth which can take place in austenite is much 
more rapid than when martensite is present, so that the 
effect of hardening from temperatures above the peak 
point is to produce very large grain-size, with the 
attendant brittleness which such structures always 
possess. The addition of cobalt, however, to ordinary 
high-speed steel reduces this tendency for large grain- 
size when using temperatures above the peak hardening. 
The use of higher temperatures is in itself an advantage 
because it enables greater solution of carbide, necessary 
for hardness development, but has one disadvantage, 
namely, that the excessive austenite has to be broken 
down by subsequent tempering, which is a some- 
What difficult operatior. Consequently, temperatures 
should not be used which very greatly exceed the 
peak-hardening point of the curve. Suitable hardening 
temperatures for the various steels shown in Table | 
are as follows :—14/4/1, 1,180°-1,220°C.; 18/4/1, 
1,250°-1,280° C.; 5% cobalt, 1,280°-1,300°C.; 10% 
cobalt, 1,280°-1,320° C.; 4/6, 1,200°-1,260° C. 

| eferring once more to the hardening curve, the 
suc len increase in hardness at about 850° C. is caused 
by ‘he steel passing through the change point. In the 
’, A.S.M., 1938, 
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hardening operation this is a most important phase. 
Change in volume takes place when passing through this 
range, and the difficulty is to get the change to take 
place as evenly as possible throughout the mass which 
is being hardened, hence the necessity for preheating of 
high-speed steels. 

Preheating is carried out round about the Ac3 tempera- 
ture, so that when the steel is taken to the high-tempera- 
ture change point the passage through the Ac3 point 
will be as even and slow as possible. Some authorities 
recommend the preheating of the steel at a temperature 
just above the Ac3 point (approximately 875°-900° C.) 
but, unfortunately, with the relatively long time neces- 
sary for this soaking operation, a good deal of scaling 
takes place at this temperature in oxidising atmospheres, 
so that normally the preheating is done at a temperature 
of 800°-850° C, where the scaling is decidedly less. It 
is important, however, to note that with a preheating 
temperature below the change point care should be taken 
to see that the mass is of even temperature before being 
placed in the higher temperature furnace, so that the 
volume changes take place as evenly as possible. 

In the case of forged tools which have not been subject 
to annealing, it is especially important that preheating 
should be carefully carried out, otherwise cracking will 
take place. Once the tool has passed through the Ac3 
point, grain growth starts. This is very slow at low 
temperatures, but at temperatures approximating to 
the full hardening point the rate of grain growth is 
extremely rapid. Since large grain growth normally 
produces a tool which is more brittle than a small grain 
tool, then obviously the time in which the tool should be 
allowed to remain at high heat is of utmost importance. 

Once the tool has reached full heat it is doubtful 
whether there is any much greater solution of the 
carbide by prolonging the soaking. On the other hand, 
grain growth will take place at a very rapid rate. There 
is no advantage, therefore, to be gained by allowing the 
tool to remain at this high heat for the slightest fraction 
of time longer than necessary to obtain even temperature, 
hence the instruction to heat rapidly and evenly to the 
hardening point, and do not soak. In order to achieve 
rapid and even heating the thermal capacity of the 
furnace must be large. 

The amount of heat necessary to raise a given weight 
of high-speed steel to its hardening point is very definite, 
and this quantity of heat must be taken from the furnace. 
It is obvious that the plunging of a mass of pre- 
heated high-speed steel into the high-temperature 
chamber will cause cooling of that chamber, unless the 
storage of heat in the chamber is relatively large com- 
pared with the amount necessary to heat up the steel. 
To put this in more practical language, a large piece of 
steel placed in a small furnace will chill the furnace, and 
in order to raise the steel to the requisite hardening 
temperature a further large input of heat from burners, 
or other heating elements, must be made. This further 
input of heat, of course, is a comparatively long process, 
which means that grain growth will almost inevitably 
occur owing to the steel remaining too long at the high 
temperature. Furthermore, the greater the thermal 
capacity of the furnace compared to that required for 
heating the piece of steel, the more even the heating of 
that steel, by preventing differential chilling of the 
furnace. It is, therefore, of the greatest importance 
that furnaces of adequate size should be used for the 
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high-temperature chamber to obtain rapid and even 
heating. 

The furnaces used for the original hardening of high- 
speed steel were of the forge-fire type. This rough 
method was successful on tools of the simpler type, such 
as lathe tools. As applications grew to more complex 
forms of tools, muffle furnaces had to be used to get more 
uniform heating. 

Hardeners in former days largely relied upon the 
appearance of “sweat” on the surface of the steel. 
This peculiar iridescence is really caused by oxidation 
and fusion of the surface. It has been proved that this 
oxidation is actually exothermic (i.e., self-heating), so 
that the temperature at the surface of the steel is higher 
than the temperature of the furnace. In oxidising atmo- 
spheres, the rate of grain growth is therefore accelerated. 
The rate of grain growth in oxidising atmospheres is 
greater than that in reducing atmospheres. The rate of 
heating is greatest in salt-baths owing to the extremely 
high-thermal capacity of this type of furnace, and the fact 











Fig. 3. Molybdenum high-speed steel 4 6 type. 
Decarburised zone showing excessive grain growth. 
x 150. 


that the heating is largely by contact and conductivity 
rather than by radiation. Fortunately, with salt baths 
the effect of plunging in a relatively cold mass of 
steel is to form a blanket of frozen salt round the 
outside, which largely minimises the thermal shock, 
and it is this protective layer which prevents cracking 
in tools hardened by this method. 
Atmosphere-controlled furnaces are commonly used 
to-day for hardening high-speed steel, as they represent 
the best practice to date. Even in this type of furnace, 
however, decarburisation has been noticed where the 
steel came into contact with the hearth. It is claimed 
that this may be due to lack of circulation of the 
atmosphere round the work at that particular point, 
and recommendations have been made to raise the work 
from the hearth. The writer, however, suggests that the 
decarburisation might have some relation to the presence 
of oxide (scale) on the hearth at that point. Undoubtedly 
the presence of scale on the hearth of a high-speed 
hardening furnace will cause decarburisation. The use 
of thin refractory tiles is therefore urged. Thin sillimanite 
or good-quality firebrick tiles should be used. These 
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can be thrown away when they become contaminated 
Decarburisation in high-speed steels produces grains o! 
excessive size in the decarburised zone, as shown j 
Fig. 3. The decarburisation probably proceeds b 
solution of oxygen in the mass which reacts with the 
carbon at the interface, probably accounting for the 
sharp line of demarcation which is usually found. 
Decarburisation is itself a dangerous factor in the 
hardening of high-speed steels. 

It has been shown by various workers (Eilender, etc.,' 
and Monma®) that the low-carbon alloy produced by 
decarburisation on the outside of high-speed steel under- 
goes thermal and volume changes at different tempera- 
tures, compared with the underlying mass of high-carbon 
material. The effect of this is to produce strains in the 
surface, and consequent surface cracks. According to 
the authors just quoted, this is particularly dangerous 
when tempering high-speed steel. 

The carbides in high-speed steel remain the same in 
composition, irrespective of what condition exists— 
hardened, annealed, ete. It would appear that the 


presence of the carbides is a restraining influence on, 


grain growth. Steels with smaller and more numerous 
particles would have smaller grain-size. It is stated by 
some authors (Snyder and Graff*) that there is an opti- 
mum grain size for each application, and it is repeatedly 
stated that for turning tools, ete., large-grain size gives 
better cutting results than small-grain size. 


Rehardening of High-speed Steels 

High-speed steels when rehardened often show a 
coarse fracture known as ** marble” or “ fish-scaling.” 
The cause of this was investigated by Brophy, etc.,* and 
in the opinion of these authors the excessive grain-size 
is due to the presence of internal critical strain in the 
material, caused by the reheating of high-speed steels in 
the hardened condition. According to these authors, 
the cause is due to the rapid grain growth of strained 
austenite. Furthermore, they stated that only a complete 
removal of internal strain will prevent this fish-scaling 
effect. Furthermore, it is stated by Brophy’ that the 
fish-scaling is more easily developed with lower tungsten 
steel, and this is undoubtedly true in the case of the 
4 6 type. Tendency for fish-scaling, however, can be 
almost completely removed by full annealing of the steel 
prior to rehardening. In some cases normalising is not 
sufficient to remove the tendency. 

Quenching 

A variety of media are available for the quenching of 
high-speed steel. These include oil, air (both still and 
blast), molten lead and molten salt. Furthermore, thin, 
flat tools can be hardened by placing in between cold- 
iron plates. In the case of lead the difficulty is to hold 
the steel below the surface owing to the density of the 
molten lead. Quenching in oil is commonly used for 
simple shapes of robust type. Air-hardening is largely 
adopted for long, thin articles which would tend to warp 
if quenched in oil. In the case of complicated shapes 
with relatively thick and thin sections, the thinner 
sections naturally cool faster than the thicker, irres- 
pective of the quenching media. Even with relatively 
slow rates, as in air-hardening, this occurs. 


t Kilender, Kleinar and Corneliu trehiv. fiir Bdsenhittter wesen VSL 
> * Temper Cracks in High-speed Steel K. Me nma, Tohe ku Univ. Rey 
/ tue. Apr. 4, 1940 
6 “Study of Grain Size in Hardened High-speed steel.” Snyder and ¢ 
Vetal Proare Apr... 1958, 
“Occurrence of Fish-scaling in High-specd steal Brephy, Hart 
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Volume changes take place during the cooling of high- 
speed steel at approximately 300°-400°C., when 
martensite begins to precipitate, thereby causing an 
expansion. Consequently, if this precipitation takes 
place at different times during the cooling of a tool, 
severe internal strain may cause fracture. In these 
cases, therefore, it is advisable to quench into moijten 
salt at a temperature just below that of the tempering 
temperature (500°-550° C.). During the period in which 
high-speed steel is cooling down, prior to the martensite 
precipitation, it is in a reasonably plastic condition, and 
a considerable amount of distortion can be rectified. 
As soon, however, as the precipitation takes place the 
steel is much more refractory and liable to crack. Once 
the steel has reached this temperature it is of no use 
whatsoever to reheat to 300°-400°C. and carry out 
straightening operations, as this heating does not remove 
the martensite which has been precipitated. 

Tempering 
In the hardened condition the structure, as previously 


stated, consists of martensite and austenite, with 
carbide particles. The general effect of tempering 


is to break down the austenite into further martensite, 
which is often known as secondary martensite, to indicate 
that it has been formed in the tempering or secondary 
hardening operation. The curve showing the effect of 
increasing tempering temperatures on high-speed steels 
is shown in Fig. 4. It will be observed from this curve 
that there is a fall in hardness to a temperature of 
approximately 350°-400° C., followed by an increase to 
a peak at approximately 500°—600 C., after which there 
is a rapid fall in hardness. The hardness obtained 

the peak point should be very similar to the hardness in 
the as-quenched (ha:dened) condition. The hardening, 
caused by tempering at 500°-600° C., has been called 

‘ secondary hardening.” The size of the martensite 
needles produced by tempering is largely dependent on 
the original grain-size produced in harde ning, due to 
restriction by the grain boundaries. If the grain-size 
obtained by hardening is large, then the tendency is to 
get large martensite needles, hence the cause of brittle- 
ness in hardened and tempered high-speed steels with 
large-grain size. Furthermore, the extra cutting efficiency 
claimed for large-grain size may be due to the longer 
martensite needles which can exist in such a structure. 

During the heating for tempering of hardened high- 
speed steel, care should be exercised owing to the fact 
that the material in that condition is not plastic and 
contains a considerable amount of martensite, therefore 
uniform heating is desirable. 

According to Cohen and Koh* the tempering of high- 
speed steel proceeds in four stages :—(1) Decomposition 
of the tetragonal martensite, accompanied by softening 
and a decrease in volume ; (2) increase in hardness, due 
to start of the decomposition of the austenite, accom- 
panied by a decrease in volume; (3) complete trans- 
form tion of the austenite accompanied by a large increase 
in hardness and a large expansion : this portion of the 
curve is the secondary hardening peak ; (4) a later stage 
in which the product of decomposition begins to further 


decoinpose and coalesce, carbide being precipitated. 
The fourth stage is not normally reached in the tempering 
of hih-speed steels as it constitutes the rapid downward 
part of the curve beyond the secondary hardening peak. 


_ These authors further state that if high-speed steel 
is no mally tempered at 550°-600° C., then during the 
cooling from that temperature the sustenite trans- 
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formation takes place at about 250°-270° C., accompanied 
by a large expansion. Consequently, the cooling from 
tempering through this point is of importance. High- 
speed steel should be cooled relatively slowly from 
tempering to prevent cracking, due to differences in 
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Fig. 4.—Effect of tempering temperature on hardened 
high-speed steel. 


temperature throughout tools when passing through the 
range 250°-270° C. 

Bearing in mind the non-plasticity of hardened high- 
speed steel when heating for tempering, and the 
possibility of expansion during cooling, the tempering 
operation is best carried out by heating in a furnace from 
low temperature, holding at the correct heat for sufficient 
time to allow transformation to occur, and cooling in 
the furnace. This method largely reduces internal strain. 
Unfortunately, in mass production practice this is not 
always possible, and work has to be discharged from the 
tempering furnace and cools fairly rapidly. In this case 
a further tempering at lower temperature to relieve 
internal strain will be an advantage. 
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steel__4/6 and 6/6 types. 

necessity for multiple tempering. The conclusions 
reached by Cohen and Koh, however, were that slow 
cooling from the tempering temperature minimises the 
stresses due to the austenite transformation and does not 
affect the hardness, and, in gencral, repeated tempering 
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is best for internal stress relief, but a slightly softer 
product is obtained. 

Suitable tempering temperatures for the steels listed 
in Table I are as follows :—(1) 560°-580°C.; (2) 
580°-620° C.: (3) 580°-620°C.; (4) 600°-625° C. ; 
(5) 550°-580° C. 
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Fig. 6.— Effect of tempering temperature on the 4 6 and 
6 6 types of molybdenum high-speed steel hardened at 
1,200 C. 


4.6 MOLYBDENUM HIGH-SPEED 
STEEL 

It is only since the outbreak of war that British users 
of high-speed steel have become familiar with high- 
molybdenum-containing steels. Following the 9/4 and 
6/6 types, we have had the introduction of the 4/6 type 
with a specified composition: C, 0°75-0-85; Cr, 
4-0-5-0; W, 5-0-6-0; V, 1-4-1-6; Mo, 3-9-4-4. 

Users have previously familiarised themselves with 
the 6/6 steel, and there must still be some of this steel 
circulating. Fortunately, however, the response to heat- 
treatment of these two types—6,6 and 4/6—is almost 
identical, which greatly simplifies any question of mixing 
er treatment of the two grades. 

In order to stress this point Fig. 5 shows the hardening 
curves of the two varieties of high-speed steel—4/6 and 
6,6 types showing the almost complete matching as 
regards hardness and temperature. Similarly, as far as 
tempering is concerned, the curves in Figs. 6 and 7 show 
that the secondary hardening hump occurs in almost 
exactly the same place for the two steels. Curves are 
for specimens hardened at upper and lower parts of 
hardening range. 

For all practical purposes the two steels coincide in 
heat-treatment requirements, so that recommendations 
for 66 steel apply equally well to 4.6 high-speed steel. 
In connection with this the writer previously gave a 
a complete survey of the treatment of 6 6 steel,* to 
which reference should be made for detailed information. 
It may be useful, however, to outline once more suitable 
treatments for 6/6 and 4,6 high-speed steels. 

Annealing.—875° C., slowly cool. 

Hardening.—Lathe and planer tools—other robust 
tools, 1,230°—-1,260° C. oil ; for tools requiring toughness, 
such as reamers, cutters, taps, ete., 1,200°-1,230° C. oil ; 
punches and dies, ete., 1,175° C. 

Tempering. 550 —580° C. for about two hours. 

Rehardenirg of 4.6 and 6 6 Steels.—It may be found 
that on rehardening tools made from these steels coarse 
fracture, known as “ fish-scaling,” is noted. This can 
be cured by reannealing the work before rehardening. 
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Grain Growth—Too much emphasis cannot be placed 
on the fact that 6/6 and 4/6 steels at the high-hardenir.g 
heat of 1,250°—1,260° C. are prone to rapid grain growth, 
so that time at high heat is most important. To illus- 
trate this point there is appended a table showing the 
effect of ‘ over-soaking ” (time of soak after piece hax 
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Fig. 7. Effect of tempering temperature on the 4/6 and 
6,6 types of molybdenum high-speed steel hardened at 
1,250° C. 











reached furnace temperature) of 4/6 steel at the upper 
and lower range 1,200° C. and 1,250° C. All specimens 
were hardened in an electric furnace, without atmosphere 
control, and quenched in oil. The table shows the very 
strong coarsening effect when using the upper end of the 
hardening range. 

1,200° C, 

“a. in, Section, 
- Sta. 65 . silky. ; Le. ‘ fine. 
1 HM RA, satin, i ° coarsening, 
O3) Rae, eoursening . fairly coarse, 
63 Ra’ coarse, ; 3 . Coarse, 
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ah RA, very course, 635 .. very coarse, 


silky. ‘ J fine. 

silky. mh RA. coarsening. 
satin. 3 ie fairly coarse. 
satin. i tC. coarse, 
coarsening, very coarse, 
silky. , A. . fine. 

silky. ih RC. coarsening. 
silky. 33 ORC... fairly coarse 
silky. i Le. coarse. 
silky. 3 fed very coarse 


silky Bh RC. silky. 
silky. Bs RC. silky. 
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satin, 2 RC. fairly coarse. 
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Vhese results show that at the high range considerably less margin of time 
exists before course fractures are obtained in heat-treatment of 4/6 steel. 


The Tempering of Two High-Carbon, 
High-Vanadium High-Speed Steels 
HarpNess, X-ray and dilatometric data of two steels, 
a molybdenum and a molybdenum-tungsten steel, each 
containing 4°, vanadium, have been determined by 
Lement and Cohen* with the object of evaluating the 
transformation of retained austenite and the effects ot 
single and multiple tempering on secondary hardening. 
Face-centred VC was found, and the fundamental 
tempering mechanism is similar to that of the 18 +1 
high-speed steel. A straight-line relationship exists 
between tempering temperature of the logarithm of 
the tempering times necessary for maximum secondary 
hardening and for complete transformation of ret rined 
austenite. Practical methods for heat-treatment are 

given. 


nt and Morris Cohen Trens. Amer, Soc, Met 30. 
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Laws Governing the Growth of 


Films on Metals 
By U. R. Evans, M.A., D.Sc. 


Derivations of three types of growth laws which express rates of formation of films on 


metal surfaces are given. 


The linear law, y = 
is porous and inward leakage of oxygen or other non-metallic can occur. 


kyt,, ts obtained in cases where the film 
The parabolic 


law, y? = kat + ks, tsobtained when the film is non-porous and possesses ionic and 


electronic conductivity. 


conditions needed for parabolic thickening are absent. 


The logarithmic law, y = k, log. (kst + kg), occurs when the 


The theoretical basis of these laws 


and other mechanisms of film growth, for which there is evidence, are discussed. 


thickness y of a film of oxide, sulphide or iodide 
formed on metal exposed to a non-metal for 
time, {— 


Ti EE laws have been established, expressing the 


y = kt (the Rectilinear Equation) (1), 
y?= kt + ks (The Parabolic Equation) (2), 
y = k, log. (k;t + kg) (The Logarithmic Equation) (3) 


where ky, ka, k, ky, ks and ky are constant at any given 
temperature. 

The Rectilinear Equation governs the oxidation of 
light metals which form oxides occupying a smaller 
volume than the metal destroyed, so that the film is 
porous; this porosity explains the constant growth 
rate, as established for the oxidation of calcium by 
Pilling and Bedworth.' 

The Parabolic Equat’on has usually been explained by 
a diffusion theory which, however, fails to show why 
the order of magnitude of k, varies from metal to metal. 
The theory of Wagner in which electrochemical transport 
through a defective lattice accounts for the passage of 
material through the film not only provides an explana- 
tion, but has actually enabled us to calculate k, from the 
electrical conductivity, transport numbers and e.m.f.’s 
of the cells metal/non-metal in four cases where the 
necessary data are available.2. A convenient interpre- 
tation of Wagner’s equation has been provided by Hoar 
and Price.* 

The parabolic law seems to be characteristic of films 
which contain less metal than corresponds to the 
stoichiometric formula. Cuprous oxide, for instance, is 
found to have more oxygen than corresponds to Cu,O, 
especially where it is in contact with air or oxygen. It 
is considered to contain a certain number of cupric ions 
as well as cuprous ions in the cation lattice, with a 
corresponding number of vacant spaces. Since a cation 
next to a vacant space can move into it, thus leaving 
another vacant space, into which yet another ion can 
move, a mechanism is provided for the transfer of copper 
outwards through the film. But the movement of cations, 
ifit is not to involve the electrical charging of one surface, 
must he accompanied by the movement of electrons. 
Thus the film requires both ionic and electronic con- 


ductivity, and the latter is provided by transfer of 


ted at the 83rd Gen. Meet. of the Electrochem, Sec., 1943, Pres 
' 
Pilling and R. E. Bedworth. J. Just, Metals (1923), 29, 577. 

: gner. Z. Physik. Chem. (B), 21,25 (1933); K. Nagel and C. Wagner. 
é.4 Chem. (B), 25, 71 (1934); L. E. Price and G. J. Thomas, /. Jnst. 
Met 83. 21 (1938). A comparison between the calculated and experimental 

e three cases studied by Wagner is conveniently tabulated by 


1. Ind., p. T70 (1937) 


it und L. E. Price. Trans, Parada; &. ¢.. 34, 867 (1938), 


electrons between the two kinds of cations. Since both 
the ionic and the electronic resistance will be proportional 
to y, it follows that the current flowing, and therefore the 
rate of film growth, will, by Ohm’s law, be proportional 
to L/y. 

Thus dy/dt = K/y where K is a constant, 

or y® = kat + ks where k* represents 2K. 
This is the parabolic law. Experiment evidence of the 
outward movement of metal has been obtained by Pfeil* 
in the oxidation of iron, and by Wagner’® in the union 
of silver and sulphur. 

Some have argued that k, must be zero, since at the 
commencement of film formation on film-free metals 
¢t = O and y = O. Such an argument is wrong, since 
the equation will not be obeyed when y is zero; if it 
were, it would give an infinite value of dy/dt. Thus 
k, need not be zero. Actually, it has been shown 
experimentally by Bannister and the author® that the 
attack upon silver by iodine dissolved in chloroform, 
which conforms to the parabolic equation when once 
the iodide film attains a sensible thickness, does not 
obey that equation in the opening stages. 

The derivation just sketched assumes that every 
copper cation passing outwards from the metallic phase 
through the film finds an adsorbed oxygen atom awaiting 
its arrival to convert it to oxide. At very low oxygen 
pressures this will not be the case, and the law will 
break down, as shown by Wilkins and Rideal,’ who 
found that the pressure below which the law fails can 
be raised 13 times if the specific surface of the metal is 
increased—an effect easily understood. 

The Logarithmic Equation is now definitely established 
for zine through the gravimetric work of Vernon, 
Akeroyd and Stroud ; earlier investigators had proposed 
logarithmic relations of different forms—sometimes 
based on rather slender experimental evidence. Of the 
many attempts to provide an interpretation, none 
appears entirely free from objection. Vernon and his 
colleagues suggest that a certain fraction of the oxygen 
atoms are arrested at each stage of their journey. But 
this only explains the facts if it is assumed that the 
arrested atoms are immediately annihilated, otherwise 
they will add to the weight quite as much as if they were 
still moving. Nevertheless the basic idea of Vernon’s 


iL. B. Pfeil. J. Jron Steel Inst., 119, 501 (1929); 189%, 237 (1931). 
5C. Wagner. Z. physik. Chem. (B), 21, 37 (1933). 
6 U. R. Evans and L, C. Bannister. Proc. Roy. Soc. (A), 125, 370 (1929), 
7 F. J. Wilkins and E. K. Rideal, Proc, Roy. Sec., 128, 394; 407 (1930); 
F. J. Wilkins, J. Chem, Soc., 1931, p. 330; Phil, Mag., 11; 422 (1931). 
& W. A. J. Vernon, FE. I. Akerovd and E.G, Stroud. J. /nst, Metals, 65, 


SOL (1939), 
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argument seems sound, and, modified to avoid the 
“ annihilation "’ difficulty, is retained in the theory 
suggested below. 

The logarithmic law is met with in just those condi- 
tions unsuited to the electrochemical mechanism which— 
according to Wagner—leads to the parabolic relation- 
ship. The latter is obeyed in oxide films covering metals 
of variable valency, such as copper and iron, where there 
is a deficiency of cations. But in the case of zine oxide 
the metal content, instead of being lower than that 
represented by the formula ZnO, is higher, although it 
diminishes with the oxygen pressure. The excess of zine 
is believed to be present in interstitial positions,® and, 
as pointed out by Price and Thomas,'® the type of 
transport possible in copper oxide films becomes 
impossible in zinc-oxide films. But while the situation 
is unfavourabie for electrochemical migration under a 
potential gradient, it appears well suited to natural 
diffusion. As stated by Desch, “* when solid solutions 
are of the interstitial kind, diffusion can proceed 
readily.”"'' Oxygen is unlikely to diffuse, on account of 
its large atomic radius, but the diffusion of zine would 
seem possible. It matters little whether the interstitial 
particles are really zinc atoms, or zine ions with ** quasi- 
free electrons,” as Wagner suggests. If a zine particle 
can move from the metallic phase to the outer surface 
of the film, it will there combine with an oxygen atom ; 
thus a mechanism of film growth is provided. 

It must, however, be remembered that zine oxide—if 
uncompressed—occupies a larger volume than the zine 
destroyed in producing it, and thus, when freshly 
formed, the film will be in a state of lateral compression. 
The electron diffraction studies of Finch and Quarrell'* 
seem to show that the oxide film, as formed on metallic 
zine, does not possess the lattice parameter of ordinary 
zine oxide, but is pseudomorphie after the metallic zine 
with which it is in contact. On heating, the pseudo- 
morphic oxide is converted to oxide of normal structure, 
but a fresh inner layer of pseudomorphic oxide is formed 
below it. Presumably this inner portion would remain 
of roughly constant thickness throughout film growth 
According to Shearer,'® the inner portion of the film is 
not pseudomorphic but amorphous ; this, however, will 
not affect the essentials of the argument developed 
helow. 

The fact that the outer portion of oxide (usually 
much thicker than the inner pseudomorphic — base) 
possesses the ordinary zinc-oxide structure, indicates 
that where the film substance is not actually braced by 
contact with the metal, it vields to the compressional 
stresses, possibly through the type of “ kinking ° 
studied by Orowan.'* Now this vielding—whatever its 
nature—will almost certainly lead to flaw-paths or 
zones of loose structure suited for easy outward passage 
of diffusing substances, and we might perhaps expect 
the passage of material along any path to be independent 
of the length of the path (i.e., of the film-thickness), 
heing regulated, as suggested by Vernon,'® by the rate 
of crossing the inner layer of constant thickness, which 
will interpose greater resistance to the movement. If 


rH aun hand C. Wagner, 7. physikh, Chem, (B), 22, 199 (1933) 

eh. BL oi «. J. Thomas J. dust. Metals, 63. 25 (1938) 

reoul ) 4) try of Solid p. ‘ nell University Press, 
Itt New York (1934 

12. 1. Pineh and ALG. Quarrel, Pre Roy, Soe, (A), 141, 398 (1933) 
I Phys. 3 46. lis (19st 

13 Quote vy Wu Vernen, BE. 1, Akerowd and EB, G. Stroud J. Inst 
Metals, 7 loa 

14 B. Ore \a 149, 165 (1942 

mW ! \ ira Faraday See., 9], 1677 (1¥35) 
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all the paths present traverse the whole thickness of t 
outer layer without obstruction, the rate of film grow 
should be independent of the film thickness when once 


= 


this exceeds the thickness characteristic of the inner 


layer. That is exactly what Vernon" found in his ear|y 
work on zine exposed at ordinary temperatures to tlie 
atmosphere, where doubtless the formation of hydroxide 
and basic sulphate assisted the break-up and enhanced 
the porosity of the outer layer. If simple combination 
with oxygen (at elevated temperature) is under con- 
sideration, then the chance of an obstruction occurring 
on any given path must be taken into account. Rates 
of passage along any unobstructed path will still be 


= 


independent of film thickness, but the probability of 


obstruction (and cessation of all passage) will increase 
with thickness. The effective rate of transport will be 
determined by the number of paths per unit area which 
remain unobstructed at any given thickness. 

If we define’? as pdy, the probability that an obstrue- 
tion will occur in the portion of a path contained in a 
film layer of thickness dy, then the chance that a given 
path will penetrate, without obstruction, a complete film 
of thickness y will be e”. The number of paths pene- 
trating that film will thus be in proportion to ¢?’, and 
we can at once write the growth law as 


dy dt = Ke™ 
l 
or ¥ log. (Kp, + Cp) 
) 


where K and C are constants. Writing k, for 1p, k;, for 
Kp and k, for Cp, we have 
y — ky log, (kyt + ke) 

the logarithmic equation. Now if this logarithmic 
relation prevails from the outset of the attack (/ 0, 
y O), then clearly kg 1. It is interesting to note 
that Vernon, Akeroyd and Stroud, in their work on zinc, 
find that the weight-increase, W, is, from their first 
reading, a logarithmic function of the time, which they 
express 

W = k log (at + 1) 
where & and a are constants. 

Here k, is unity, as would be expected. However, 
Dighton and Miley'’, in their recent work on copper, 
find that the parabolic law is obeyed in the early stages, 
and that the logarithmic law only asserts itself when the 
film becomes thicker. In this case they arrive at a 
relation which (although actually expressed differently) 
could be written 

y = ky log (kst + kg) 
where kg is not unity. Here theory and facts accord 
well together. 

If the argument just developed is correct, it would 
seem possible that metals which obey the parabolic law 
at high temperatures might conform to the logarithmic 
law at lower temperatures, where both the electronic 
and ionic conductivities will be much smaller. It may be 
significant that iron, which was found by Portevin, 
Prétet and Jolivet'® to follow the parabolic law approxi- 
mates between 800° and 1,000° C., was shown by Vernon 

* 16 W. HJ. Vernon, Trans. Faraday Soc., 19, 863 (1923); 23, 135 ¢ 

L.. Tronstad and T. Héverstad. Trans. Faraday Sec., 90, 1121 (1954 

17 This *detinition by infinitesimals "’ appears to be the only satisfact 
method. To say that the chance of an event in unit distance is p, is * 
same as to say that the chance in distance dy is pdy. With seme 
events, the use of infinitesimals in the definition of p can be avoided by -«y'ne 
that the ezpected number of events in unit distance is p, Obviously p ™ 
less or greater than unity according to the unit of length adopted, a1 
method is, therefore, not well suited to an event which can only occur 

IS A. L. Dighton and H,. A, Miley, Trans, Electrochem, Soc., 81 


(1942). 
19 A. M. Portevin, EK. Prétet and W. Jolivet. J. Jron and Steel Inst.. 190, 
236 (1934) 
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and his colleagues to be governed by the logarithmic law 
between 50° and 195° C., after an initial period which 
becomes shorter with rising temperature. 

Dighton and Miley’s observation that copper obeys 
the paraholic law in the opening stages of oxidation, and 
passes to the logarithmic law when the films have 
thickened, may perhaps be connected with the fact 
established by Cruzan and Miley.*° that the cupric oxide 
appears as a separate layer only when the film reaches a 
certain thickness. Clearly under reversible conditions 
the cupric-oxide phase should be present from the first, 
and its failure to arrive is an example of the depar- 
ture from thermodynamic equilibrium mentioned by 
Wagner.2': Presumably, until the outer layer of cupric- 
oxide appears, the so-called cuprous-oxide layer will 
contain an abnormal quantity of cupric ions, and the 
formation of a separate cupric-oxide phase will leave 
the cuprous-oxide film in a state less suited to parabolic 
thickening, since it will contain fewer vacant sites on the 
cation lattice. It should, however, be more suited to 
logarithmie thickening; Wagner has stated that 
cuprous oxide in equilibrium with copper has a com- 
position approximating to the theoretical formula Cu,O, 
so that possibilities may arise locally for interstitial 
diffusion. However, this explanation of the behaviour 
of copper is not free from difficulty, and clearly more 
experimental work on the subject is needed. Dighton 
and Miley themselves do not consider that the presence 
of cupric oxide contributes to the breakdown of the 
parabolic law. 

Other Mechanisms of Film Growth 

It is easy to understand the protective character of 
films like alumina, which are believed to maintain a 
composition close to the theoretical formula Al,O3, which 
have practically no electronic or ionic conductivity, and 
which offer little opportunity for interstitial diffusion. 
Possibly the thin films which rapidly appear on alumin- 
ium, but soon cease to thicken appreciably, are correctly 
explained by the theory of Mott? based on the tunnel 
effect : his derivation of the logarithmic law for zinc is 
less easy to accept. 

There is, however, another manner in which oxidation 
might continue under circumstances where, according to 
the arguments set forth, it ought to have ceased. If the 
metal contains internal stresses (which will be the case 
where it has been abraded or bent), the oxide film will 
keep cracking, and fresh oxide will be formed at the 
cracks. In such circumstances oxidation will continue 
until the stresses have been used up. If this were the 
only factor operating in film growth, and if the cracks 
were sufficiently numerous to give continuous thickening 
the mean-film thickness would approach some limiting 


value asymptotically. That seems to explain the general 
shape of the curves obtained by Vernon®* for the 
atmospheric corrosion of aluminium at ordinary tem- 
peratures. The curves asymptotically approach the 
horizontal, and then, after oxidation seems to have 
ceas it suddenly starts again, as though a fresh 
mag. “ine of explosive stress had been tapped. Gradually 
the ovidation dies away once more, and then again there 
is a sudden increase in weight, and so on. 


rh re is evidence that this spontaneous film cracking 
ean ¢ cur on iron and copper, as well as aluminium. The 


Cruzan and H, A. Miley. J. Applied Phys., 11, 631 (1940), 
Wagner, Trans, Faraday Soc., $@, 854 (1938). 

Mott. Trans, Faraday Soe., 35, 1,175 (1939); 36, 472 (1940), 
If. J. Vernon rrans, Faraday Soc,, 2B, 152 (1927) 
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breaks in Pilling and Bedworth’s** curves for the 
oxidation of copper at 500° C. can only thus be explained. 
Again the wild fluctuations of current and/or potential 
on iron specimens exposed on the ** border-line *’ between 
activating and passivating conditions in experiments 
carried out at Cambridge by Britton® and by Hoar* are 
signs of alternate cracking and repair. The author's 
observation?’ that the air-exposure needed to make 
iron passive toward copper nitrate of concentration 
adjusted to ** border-line * behaviour is much longer on 
coarsely than on finely abraded iron, also suggests that 
cracking of the film occurs until the internal stresses 
become exhausted. The cracking is doubtless local, 
and may not wholly affect the rate of oxidation, which 
on iron can continue over the whole surface by other 
mechanisms ; but it does affect the chemical and electro- 
chemical behaviour of iron under border-line conditions, 
and should consequently not be overlooked. 

In some cases the cracking need not arise from residual 
stresses in the metal. It has already been pointed out 
that the film substance occupies a larger “ natural ”’ 
volume than the metal destroyed in producing it. Thig 
implies the presence of compressional stresses in the film, 
which may lead to sudden yielding when the film has 
thickened sufficiently to escape the “ bracing ”’ effect of 
the metallic support. Ocular demonstration of the real 
existence of these internal stresses in films, especially at 
their bases, is provided by the tendency to wrinkle, curl 
or roll up, observed when the films are stripped by anodic 
undermining.?® 


Summary and Conclusions 

Of the three growth laws : 

(1) The Linear Law, y k,t, occurs with the porous 
films formed on light metals (e.g., calcium), which allow 
inward leakage of oxygen or other non-metal. 

(2) The Parabolic Law, y* = kot + kg, occurs with 
non-porous films possessing ionic and electronic con- 
ductivity (e.g., those found on copper), and is governed 
by outward ionic migration under a potential gradient ; 
it is usually associated with vacant sites in the cationic 
lattice. 

(3) The Logarithmic Law, y = k, log (k;t + kg), 
occurs when the conditions needed for Parabolic 
Thickening are absent (e.g., on zine), and it is believed 
to be due to the outward passage of interstitial matter 
through flaw-paths or zones of loose structure in the 
outer part of the oxide film ; the actual rate of passage 
along a given path is regulated by the rate of crossing 
a less pervious inner film of constant thickness and is 
independent of the thickness of the outer film, provided 
that no obstruction occurs in the path through the outer 
film. If such an obstruction occurs, however, passage 
along the path in question becomes impossible, and 
clearly the chance of obstruction of a given path will 
increase with the film-thickness, It can be shown that 
the growth-rate will fall off with film thickness in 
accordance with the logarithmic law. 

Where a film, like that on aluminium, possesses a 
highly protective character (connected with its ideal 
composition and high electrical resistance), the formation 
of discrete cracks becomes an important factor in film 
growth. Such cracking occurs in films on other metals, 

24 N. i. Pilling and R. E. Bedworth, J. Inst, Metals, 29, 544 (1923). 
258. C. Britton and U. R. Evans. J. Chem. Soc., 1980, p. 1778. 

26 T. P. Hoar and U. R. Evans. J. /ron and Steel Inst., 1286, 386 (1932), 
27U. R. Evans, J. Chem, Soc., 1927, p. 1030, 


28 U. R. Evans and J. Stockdale, J. Chem, Soc., 1929, p. 2653; U. R. 
Evans, Vature, 126, 130 (1930), 
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A Rapid Gamma-Ray Inspection 
Technique 


To overcome the difficulties of exposure when using the gamma ray for radiographic 


inspection a technique is described which speeds the process. 


This technique takes 


advantage of the visible fluorescence emitted by calcium tungstate under the influence of 


X-rays. 


For gamma-ray inspection the new technique makes use of a combination of 


one caleium-tungstate screen and two lead-foil screens. 


HE many advantages of radium for radiographic 

inspection would be more widely accepted if 

exposure times could be reduced. When con- 
sidering the gamma ray as an industrial inspection tool 
its principal drawback appears to be the question of 
exposure times, as radium itself has many admirable 
features, such as portability, compactness, small 
operating space requirements, lack of maintenance 
worries, and low rental costs. Some method which will 
bring gamma ray exposures down from days to hours, 
from hours to minutes, is a problem to radiologists. The 
description by R. C. Woods* of a screen set-up which 
materially speeds the gamma-ray inspection process is, 
therefore, of considerable interest. 

The matter of exposure times cannot be affected by 
any change at the source, because the radium emission 
of gamma-rays is a process of nature over which one has 
no control, Gamma-rays are in reality X-rays of very 
short wavelength, and for purposes of comparison may 
he roughly likened to the rays produced by an X-ray 
tube operating in the 1,000,000-volt range. The X-rays 
are generated, however, by the impact of high-velocity 
electrons on a metal target, while gamma-rays are 
ejected from within the radium atom during a spon- 
taneous natural breakdown and subsequent rearrange- 
ment. Since the .ource of radiation here is unaffected 
by everything, except the passage of time, all attempts 
to decrease exposure times with any given quantity of 
radium must be confined to improvements at the 
photographic film end of the set-up. To do this, there 
are several problems which must be carefully considered, 
and one of the most pressing is the removal of scattered 
and secondary rays which detract from radiographic 
quality. 

The problem of scattered radiation is present in all 
types of radiographic work, but with gamma-rays it is 
especially pronounced, due to the increased scatter at 
short-wave lengths. It has, therefore, been the custom 
in gamma-ray examination to use lead-foil on either side 
of the film and in direct contact with it. The benefits 
of this sandwiching effect are twofold—long wavelength 
scattered rays are filtered out in the front foil, and 
secondly, both lead sheets emit photoelectrons when 
irradiated which produce a certain measure of radio- 
yraphic intensification, 

Although the practice has rather gone out of favour 
for industrial X-ray work, clinical radiography makes 
extensive use of the calcium-tungstate screen to decrease 
exposure times. This technique takes advantage of the 
visible fluorescence emitted by the chemical calcium 
tungstate under the influence of X-rays. When two 
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cardboard-like screens coated with powdered calcium 
tungstate are substituted for lead-foil screens, the 
fluorescence produced by them so increases the effect of 
the photographic emulsion that exposure times may be 
cut by a factor sometimes as high as 200. Tungsten 
screens, however, have certain serious disadvantages, 
one of the most important of which is that they intensify 
the undesirable scattered rays as well as the radio- 
graphical desirable part of the beam, and since this 
scattered component merely places a blanket of fog over 
the film, and does its best to obscure detail, it must be 
removed before any intensification is attempted. 
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*—— FRONT LEAD SCREEN 
=— CALCIUM TUNGSTATE SCREEN 
=——BACK LEAD SCREEN 


Fig.1. The gamma ray inspection test set ur. 
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Some years ago a technique was adopted by the 
author of the present set-up for use with 200k.v. 
X-ray work where the specimen thickness was such 
that exposures with leads screens alone became, in 
effect, mpractical. The aim of this technique was to 
utilise the best features of both lead- and calcium- 
tungstate screens in such a way that minimum loss of 
detail and sensitivity resulted. With some modification 
this method can be applied to gamma-ray inspection 
and saves hours in exposure times over those methods 
recommended by other workers. 

The new set-up for gamma-ray inspection makes use 
of a combination of one calcium-tungstate screen and 
two lead-foil screens (see Fig. 1). As the radiation 
proceeds from the source it passes first through the 
specimen, then through the front lead-foil screen where a 
large part of the undesirable scatter is absorbed, and 
finally through the film to the calcium tungstate screen 
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where it produces a fluorescent image, thus greatly 
intensifying the photographic effect. The rear lead-foil 
screen plays no part in the intensification process, but 
is used to cut down back scatter from surrounding 
objects. 

To attain the highest efficiency with this technique, 
it is necessary to use a film whose properties make it 
particularly sensitive to the type of fluorescence emitted 
from calcium-tungstate screens. The use of two calcium- 
tungstate screens would further reduce exposure times, 
but their use is not advisable as, in the first place, it is 
best to have the front lead screen as close as possible 
to the film in order to minimise radiation spread before 
the image is made, and, in the second place, double 
screens produce a much more grainy radiograph than 
does one screen. This is because a calcium-tungstate 
crystal is so relatively large that when it fluoresces each 
one exposes a multitude of photographic emulsion 
grains, which also le:ds to indistinetness of outline and 
resolution. 
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With a front-lead screen 0-005 in. thick, exposure 
times are reduced by about 85% over customary 
techniques. While use of 0-010-in. lead foil somewhat 
increases the radiographic quality, it also lengthens the 
exposure time and the advantages have been found to 
be so negligible that the practice is not recommended. 
A radiograph taken with one calcium-tungstate and two 
lead-foil screens of a 10 in. x Sin. x 2in. steel block 
with grooves milled in the upper face to depths of 
0-010, 0-020, 0-030, 0-040 and 0-050 showed it was 
possible to see the 0-010 groove which represents a 
thickness variation of 0-5%. 

The gain in contrast derived from the use of the single 
calcium-tungstate screen is so marked that over- 
development in potassium-iodide developer is not 
necessary, a point which is of considerable benefit where 
hundreds of X-ray films a day are being processed. The 
dark-room technician must be advised every time 
gamma-rays so treated are handed in for development 
as no special development is required. 


Open-Hearth Slag Control for 
Manganese 


Open-hearth slag conditions that favour the retention of manganese are important 


in view of the need for conserving this essential 
given from a recent investigation is 


information 


HE conversion of manganese, wherever possible, 
is important in view of the present curtailed 
imports of ore. Under favourable conditions a 
portion of the manganese in the pig iron, or in alloy 
additions to the open-hearth furnace, is retained in the 
steel, and the proportion which is retained is favoured 
by high finishing temperature and a high concentration 
of manganese oxide (MnO) in the slag relative to iron 
oxide (FeO). A high residual manganese which decreases 
the amount of ferromanganese required to bring the 
manganese up to the specifications is also favoured by 
an increase in the basicity of the slag up to a lime-silica 
ratio of between 2 and 2-4. Up to this basicity the lime 
liberates the manganese oxide from complex silicates, 
thus increasing its activity as a slag component. Further 
additions of lime increase the slag volume, thus lowering 
the concentration of manganese oxide in the slag, and the 
residual manganese in the metal. More basic slags are 
also likely to contain more iron oxide, which tends to 
lower the residual manganese. Slag equilibria in the 
open-hearth furnace are therefore of great significance 
at present, and a recent investigation by C. F. Quest, 
A. F. Martin and T. L. Joseph! is therefore of value. 
The reaction that controls the distribution of man- 
“anese between the slag and metal in the open-hearth 
is generally written as follows :— 


FeO Mn MnO + Fe 
(Slag) (Metal (Slag) (Metal) 


If it is assumed that the activities of the various 
cons! ituents are proportioned to their molecular concen- 


illoys, 1943, vol. 17, No. 4, pp. 767-769, 
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steel making element, and 
of value from this aspect. 


trations, and that the activity of iron is substantially 
unity, the equilibrium constant for this reaction can be 
written as 

(MnQ) 

(FeO) | Mn] 

where brackets denote molecular concentration in the 

metal phase, and parenthesis molecular concentration in 

the slag phase. If it is further assumed that the weight 

per cent. [Mn], is directly proportional to the molecular 

percentage of manganese, a similar but more convenient 

expression is obtained for the equilibrium constant— 
(MnO) 

- (FOe) [Mn], 

The data in the preser* investigetion were obtained 
from melts made in the laboratory, using a rotating 
induction furnace.? Three series of slags, with lime-silica 
molecular ratios of 0-92, 1-29 and 1-64, were investi- 
gated at temperatures from 1,565° to 1,675°C. The 
slags were prepared from dry powdered silica and calcium 
oxide formed into briquettes, and magnetite was added 
to the extent of about 10% to facilitate melting. 
Experiments were attempted with more basic slags, but 
these could not be melted. Open-hearth slags of high 
silica-lime ratio were also experimented with and were 
found to melt readily. They froze, however, before 
equilibrium was established as a result of changes in 
compositions accompanying the slag metal reactions. 


K 


The metal bath used in the investigation consisted of 
open-hearth ingot iron alloyed with 0-025 to 0-050°%, 
of electrolytic manganese. Experiments with baths up 


2 METALLURGIA, 1942, vol. 26, No. 152, p. 75, 
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Metal, “, Slag Analysis, %,. 

No remy ( - . - - - Cale, 

Mn C. BIOs. AljOg. MnO, | FeO, Cad, MgO. Mn, 
1A 1575 ore O-OO6 im- 40 48 1-62 0-36 o- los 
1! 150 Ove 687 9-95 o-38 1-13 o-ls O-nos 
It le ’ oor w-osa 9-76 ie bd 1-15 eve o-lze 
Ib l¢ rOSl Os eal 1-2 O-27 0-125 
\ 1575 o-ose Od 44-19 o-39 Ode O-c6 0-097 
Is l6le ALS TT ONT $2 tio ” 1-68 ees | O12 
" 1630 oorge H-oge 3-25 OG ode Hoy 0.103 
tA 1565 H-og2 O-oge 7°86 l ees 0-62 0-037 
ah lez Hos Ons 7°26 1-25 eee | 0°36 O-O45 
( 1630 aL) 7-H wed 17 o-oo a7 
I) 1675 ode O56 ae 0-39 es | ez O-o5v 


to 0-98°, manganese were also made, and although 
similar results were obtained they were not so consistent. 
A 500-grm. charge of ingot iron was placed in the 
furnace crucible and melted down, the alloy addition 
was made ard time allowed for its assimilation, a 
15-grm. slag briquette was then added to the bath in 
the rotating crucible, and the temperature adjusted to 
that chosen for the experiment. After 1 hour in this 
condition the slag was removed in a chilled condition 
by means of a special vacuum-operated apparatus, the 
metal bath was killed with aluminium and then cooled, 
producing sound metal. In Table I are given analyses 
of the slag and metal samples. 

From these results the equilibrium value Ky, was 
calculated from each set of data, and values of log Ky, 
were plotted against the reciprocal of the absolute 
temperature for each of the three slags, thereby showing 
the effect of temperature on the manganese equilibrium 
constant. Slags of basicity 1-64 showed a fair agree- 
ment with results obtained by Korber’s equation Log 

Ke. 10710 2.877 
l 

for the manganese constant, but the equilibrium 
constapt for the slags of basicity 0-92 and 1-29 
was much greater than Korber’s Ky. Values of 
Ky, at 1,600° C. were interpolated from the first curve 
and plotted against the basicity to show the effect of 
slag basicity on the manganese equilibrium consiant. 
It was found, however, that Ky, was pot a constant in 
the basicity ranges studied. 

The data obtained was compared and found to be in 
general agreement with data collected by Darken and 
Larsen® from more than 100 analyses of slag and metal 
samples taken from open-hearth heats under favourable 
conditions with respect to measurement of temperature, 
simultaneous sampling of metal and slag, and slow 
working of heats in the finishing stages. These investiga- 
tions calculated the manganese content of the metal, 
using Korber’s equation, and compared it with the 
observed value. When the ratios of the calculated to 
the observed values were plotted against the basicity of 
the slag, it was found that above a basicity of about 
2-4 the ratios were found to be fairly constant and 
substantially equal to unity. This indicated that in 
this range of basicity the concentration of manganese 
in the bath of the open-hearth could be calculated 
satisfactorily from the equilibrium constant of the 
manganese reaction. Below a basicity of 2-4 the ratio 
was found to decrease with increasing basicity, and the 
observed manganese was less than the calculated. 


i Trans, AMM ut v 1), pp. SF 1d 





Bath for Removing Welding Flux from 
Aluminium-Alloy Parts 


Acip solutions are sometimes used to remove flux residues 
from gas-welded aluminium parts, particularly in 
containers such as fuel tanks, where parts are inaccessible 
for the usual hot-water scrubbing method. According to 
Craig* it has been found that a bath containing 100 g. 
of nitric acid and 2-5 g. of hydrofluoric acid per litre, 
operated at room temperature, will dissolve the flux 
completely in 10 mins., and at the same time will produce 
a clean uniformly etched surface, free from stains or 
discolorations that might make further cleaning neces- 
sary. 

For this purpose three separate baths are required 
(1) nitric-acid-hydrofluoric acid flux removal and etching 
bath; (2) cold-water rinse; (3) hot-water rinse. 

The greater part of the flux is removed by directing a 
stream of water from a hose against the welded area, 
followed, in some cases, by light scouring with steel wool 
or scrubbing with a fibre brush. The articles are then 
wiped with a suitable solvent to ensure uniform attack 
of the metal in the acid bath. During the treatment in 
the acid bath, which is continued for 10 to 15 mins., 
particular attention should be given to prevent the 
formation of gas-pockets. 

After removal from the acid bath the article should be 
allowed to drain, after which they are rinsed in the cold- 
water bath, and after another period of draining they 
are immersed in the hot water (temperature 80°-95° C.). 
The time of immersion in the hot water should not 
exceed three minutes, otherwise straining of the etched 
surface might result. The material should be dried 
immediately after being removed from the hot water. 

If racks are required to simplify the handling of the 
parts treated, it is recommended that the racks be con- 
structed of aluminium. Although the acid bath will 
attack the metal, the rate of attack is so slow that the 
need for replacement is infrequent. 





P. M. Craig, Automotive and Aviation Ind., 88, 1943, No. 5. pp. 19, 6 
Light Metal Bul., vi, No. 17. 
Relative Effect of Elements on Alloy Steels 
A summary is given by Mitchell* of the effects of 
C 0-10-0-90, Mn 0-25-2-00, P up to 0-15, S up to 0°50, 
Si up to 2-00, Cr up to 1-10, Ni up to 5-0, Mo up to 
0-75, V up to 0-25 and Cu up to 1-10°,, upon abrasion 
resistance, wear resistance, annealing, carburising, 
corrosion, creep strength, distortion on quenching, 
fabrication, hot-workability, hardenability, machin- 
ability, mechanical properties at room and sub-zero 
temperatures and weidability. 
John Mitchell. Metal Progress, 42, 53-60. 
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T'ropenas Converter Practice—Part II. 
By E. C. Pigott 


Special consideration is given to cupola operations for the converter charge ; 


factors 


discussed include sulphur pickup, air supply and volume, temperature measurements, 


desulphurisation. The operation 


described ; 


of the 


deoxidising and recarburising procedure is reviewed, while reference is 


converter is considered and the blow 


made to attempts to dephosphorise acid converter steel by means of basic oxidising slags 


Sulphur Pick-up.—When the sulphur content of steel 
exceeds 0-C€6% there is a pronounced tendency for 
castings to tear during cooling and to be porous, with 
poor ductility. There is an unavoidable increment in 
the sulphur content of the metal charge in the cupola. 
In the main, this is derived from the fuel ; most foundry 
cokes contain 0-5-1-0% of sulphur, largely in the form 
of calcium sulphate and magnesium sulphate. These 
compounds are also present in the limestone. The 
sulphur pick-up is proportional not only to the percen- 
tage in the coke but also to the melting conditions, 
especially the temperature of the cupola and the 
air/coke ration. 

A deficiency in air causes a strongly reducing atmo- 
sphere which converts the sulphates of the fuel and flux 
into sulphides of the metal charge. The actual pressure 
of air is also important, a low pressure resulting in a 
strongly reducing zone at the centre, and an excessive 
pressure tending to effect a transfer of sulphur from slag 
to metal. Abell?! explains this mechanism as due to 
the iron oxide produced displacing calcium oxide from 
the slag, which can then no longer retain the sulphur 
as calcium sulphide. It has been shown by many 
investigators that iron oxide retards the transfer of 
sulphur from metal to slag. Viscous slags tend to 
accumulate iron oxide, and thus are low in extraction 
power. The transfer reaction is stated by Trifonow and 
Mirew™* to be— 

2 CaO + FeS = t+ CaO. FeO. 
(Slag) (Metal) (Slag) (Slag) 

In a fan-fed 42-in. cupola that came under the author's 
control the sulphur increment was abnormally high, a 
content of 0-13% being obtained from metal originally 
containing 0-040-0-050°. An increase in air pressure 
from 13 in. to 17 in. led to no improvement (Mackenzie 
and Donoho*? have shown that the air pressure has no 
marked effect on sulphur distribution), but an increase 
in the volume of air, brought about by widening the 
tuyeres, effected a reduction to 0-08%. Originally the 
total cross-sectiona! area of the tuyeres was only one- 
twelfth that of the cupola ; they were widened to give a 
normal ratio—that of one-fifth. 

The effect of increasing the amount of flux and 
varying the metal charge had proved negligible, but 
became beneficial when the volume of air was corrected. 
A change from patent-oven coke to bee-hive coke, and 
arecuction in the amount used, had also failed to correct 
the pick-up, and the explanation was not evident until 
it ws found that charging was commenced soon after 
lirin., before the coke had become sufficiently hot. 


~ CaS 


Abell, “Sulphur in the Cupola.’ Feundry Trade Journal, 63, 1940. 


This was giving rise to a particularly abnormal increment 
in the first heat 


First Heats, Second Heats Third Heuts, 
Sulphur Content, °,. 
O-1s ee -l4 0-13 
O-16 “0-13 5 O-l] 
O-16 _ O-1s a o-lls 
0-16 O-12 O-1l 


These findings confirmed the pronounced effect of 
deficiencies in air and temperature. Various reports on 
the influence of temperature on desulphurisation indicate 
that the effect is due to increased fluidity and activity 
of the lime. It is of incidental interest that on blowing 
this high-sulphur metal in an acid converter, a definite 
reduction in the sulphur content took place : 

Sulphur, °, 


0-15 0-13 
v-1l o-Lis 


o-l4 


Cupola metal... .. O-ls 
0.15 


Blown metal .. 0-13 

Cupola Air Supply.—The rate of melting, which 
should be 1,500—2,250 lb. per sq. ft. per hour,®* varies 
as the square root of the blast pressure.** Theoretically, 
the amount of air required to completely burn | lb. of 
coke is about 135 cub. ft. at 60° F. and 14-7 Ib. per sq. in. 
As a basis for computing the amount required for the 
average cupola, however, a proportion of 160 cub. ft. per 
lb. of coke is taken, the excess serving to cover leakages 
and losses, and this value has been confirmed experi- 
mentally. A burning rate of 180 lb. of coke per hour 
per sq. ft. of cupola cross-section provides the necessary 
temperature, and this requires 29,000 cub. ft. of air per 
hour per sq. ft. of cupola cross-section. The blast is 
usually supplied by a Rootes positive blower or an 
electric fan. The former source is unaffected by the 
varying resistance of the charged cupola, but a dis- 
advantage is the pulsation of the flow. 

Where a fan is used the decreasing resistance of the 
charge may be largely compensated by the extra 
resistance afforded by partially closing the blast-gate 
when the cupola is blowing down. If an excessive 
volume of blast is delivered there is danger of oxidising 
the metal, besides reducing the life of the lining.** The 
quantity of air is the primary factor, but the pressure is 
important, since the air must penetrate to the centre of 
of the cupola and yet not give an excessive melting 
rate. An increase in blast pressure also reduces the life 
of the cupola lining. 

The following pressures are desirable :— 





Diameter of Cupola, Pressure, W.4., Pressure, 
In. Ja. Oz, 
26—32 2 13—15 7.5—8.¢ 
32—3s8 14—16 - X29 -2 
38—44 16—18 . 9-2—10-4 
14—50 - 18—20 , 1-4—11-5 
50—60 20—22 , 11-5-—-12-+7 
22 Mackenzie and Donoho. Trans, Amer, Fdy, Assocn., 1938, 48, 513. 
23 Reese. ‘Cupola Practice.’ Foundry Trade Jcurnal, April 2, 1942. 
24 Donoho and Green, Trans, Amer, Fdy. Assocn., 1938, 486, 525, 
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The air circuit should be examined regularly for 
leakages. 
Measurement of Air Volume.—The thermal efficiency 
of the cupola is largely dependent on the volume of air. 
The ratio of oxygen to carbon in the coke must be 
standardised. When determining the quantity of oxygen 
the entire blast system should be examined for leakages. 
The rate of air flow is reliably given by one of three 
methods, viz., the orifice dise system, the Pitot tube, 
and the electric method. In the former, the blast pipe, 
of which there should be a straight, uninterrupted length 
of at least 14 diameters, contains an obstruction disc 
with an orifice of a calculated diameter. The pipe on 
either side of the obstruction is connected with a 
differential manometer or gauge, the difference in pres- 
sure being a measure of the velocity or flow. The 
manometer or gauge is conveniently calibrated in 
terms of cubic feet per minute. The Pitot tube is also 
used in conjunction with a differential manometer. 
Both the orifice dise and the Pitot tube may be used in 
conjunction with an automatic recorder. 
In the electric method a short length of thin platinum 
wire is mounted airtight in the supply pipe. The wire, 
protected by a shield, with a small aperture which admits 
the air-flow, is connected as a branch of a resistance- 
bridge circuit, the current being supplied from A.C. or 
D.C, mains and kept constant by means of a Burretter 
lamp. A temperature of 400°-500° C. is generated in the 
wire, and the bridge is balanced with the resistance 
corresponding to this temperature. The flow of air past 
the wire decreases its temperature, and the decrease 
unbalances the bridge to a degree indicated by an A.C. 
or D.C. meter, the meter reading thus being a measure 
of flow. The volume of air as indicated by differential 
gauges will be accurate to within 2 or 3%. The volume 
varies, as the square root of the differential and the 
gauge reading is proportional to the square root of the 
temperature and pressure. A reliable general rate is 1% 
change in gauge reading per 10° F. or per jin. Hg. 
Lin, W.G. = 0-577 02, per sq. in 
Los. per eq. in, = 1-725in. W.G 

Weight of L eub, ft. of air (13°C, and 760mm.) = 0-0765 1b, 
Volume of Lb, of ait 13-072 cub, ft, 

Temperature Measurements.—Tropenas practice can- 
not be fully economic without the aid of routine 
temperature measurement and control. Excessive 
wastage of metal follows lack of temperature control. 
To obtain the requisite steel fluidity the temperature of 
the cupola metal must exceed 1,400° C., whilst exces- 
sively high temperatures (1,470° C.) lead to the retention 
of silicon during the blow. Oxidation of carbon takes 
place in preference to silicon, which is not removed at 
all unless oxidised during the early stages. The applica- 
tion of pyrometry to molten iron and steel has been 
limited owing to a legitimate scepticism regarding 
accuracy. The optical pyrometer is unreliable, since the 
temperature of the slag may be appreciably higher than 
that of the metal, and even when the slag is removed 
the emissivity error varies considerably with the com- 
position of the steel. Nowadays it is possible to readily 
obtain measurements up to 1,700°C. to an accuracy 
of + 2) C. by means of the quick immersion Schofield- 
Grace method In this modern method a platinum 
platinum-rhodium thermocouple, protected by a silica 
sheath, is dipped into the liquid steel for a few seconds, 
long enough to obtain an accurate measurement, but as 
short as possible to avoid damage to the thermocouple, 
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A millivoltmeter or a potentiometer is employed. For 
use in conjunction with this method a British high-specd 
ink recorder is now available, and is the most accurai 
type yet devised. It eliminates the difficulty of taki 
readings from a potentiometer, and can be operated by 
the furnacemen. 


Desulphurisation.—Under average melting conditions 
the sulphur content of the molten cupola metal exceeds 
00-07%, and there is no appreciable removal in the acid- 
converter process. Thus, the use of an external desulphur- 
ising agent is essential. The inclusion of manganese stee] 
scrap in the cupola charge to promote a high temperature 
is also beneficial in eliminating a proportion of sulphur 
as sulphide. Ferro-silicon additions react similarly. 
Other factors governing distribution of sulphur between 
slag and metal have already been discussed, basicity of 
the slag being fundamental. However, methods of 
desulphurising in the cupola itself are not sufficiently 
effective, the lowest sulphur figures obtainable being too 
high for the resultant steel. The effect of highly basic 
slags, manganese, or silicon, is merely to minimise the 
sulphur increment. Even sodium carbonate, when used 
in the cupola, does not usually effect the necessary 
reduction, although recently G. 8. Evans** has described 
an improved modification which consists of using double 
the usual amount of limestone on the bed coke, and | |b. 
of fused sodium carbonate with each 10 lb. of limestone 
on the bed, and also with the first two or three charges ; 
with later charges, | lb. of sodium carbonate per 20-40 lb. 
of limestone is used. 

The popular method of tapping into a ladle containing 
sodium carbonate is extremely satisfactory. The cost 
is very slight (2d. per ewt. of steel), and the injurious 
sulphur, namely, that exceeding 0-04%, is entirely 
eliminated. The amount recommended is 1} lb. per ewt. 
of metal; smaller quantities are sometimes adequate, 
but tend to give erratic results. Heavy, dull-red fumes 
and a yellow flame shoot up as the metal strike: the 
carbonate. After four or five minutes limestone chippings 
(about 4 lb. per ewt.) are added to thicken the slag, 
which is then thoroughly removed without delay. As 
the soda slag may contain 3°, or more sulphur, it will 
be readily understood that careful removal is essential 
since the acid nature of the converter slag would result 
in an injurious transfer of sulphur back to the metal.*' 


IS 


The sodium-carbonate treatment is also beneficial in 
greatly reducing the proportion of non-metallic inclusions 
in the finished steel, thus improving machining and 
various physical qualities. Experience has shown a 
fixed ladle stage at the cupola to be advisable, since it 
affords a great saving in cranage and prevents delay. 
The removal of inclusions improves the final steel.*’ 
The treatment involves a loss of silicon amounting to 
10-16%, and this is taken into account in computing 
the cupola charges. Laing and Rolfe®* wisely recom- 
mended that a graphical record of cupola performance 
be kept in order to maintain optimum conditions in 
respect to temperature and to the coke/metal ratio. 
The blast being constant, metal tapped in hundred- 
weights is plotted against actual melting time (the 
period is often 1 p.m. to 5 p.m.), and above the curve 
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obtained is placed the tapping temperature (1,400°- 
1,500° C.). 

To maintain proper thermal efficiency in respect to 
coke consumption, the proportion of carbon monoxide 
in the stack-gases must, of course, be kept to a minimum, 
and an equation of this relationship has been cal- 
culated.?® ; 

60,000B 
CXeX 4-55 (100 + P) 
where M melting capacity in tons per hour; B = 
blast in cu. m. at N.T.P. ; C = coke consumed per 100 k.g. 
of iron; ¢ percentage of carbon in the coke; and 
P percentage of CO, in the CO/CO, mixture in the 
stack-gases. 

An indication of the melting efficiency is given by 
the composition of the slag, and thus periodic analysis 
for silica, alumina, lime, iron oxide and manganese oxide 
is most advisable. The lime content should always 
exceed 25 per cent. to minimise sulphur pick-up, but 
excessively basic slags seriously reduce the life of the 
lining, indicated by a high alumina content. Sufficient 
lime should be present to restrict the iron and manganese 
contents to a minimum. Normally, the iron-oxide 
amounts to less than 10°, and manganese to less than 
4°). Silica should not exceed 45%, nor the alumina 20°. 
Sulphur should amount to at least 0-5%. 


M 


Converter Operation. 

Adequate preheating of the vessel to a white heat 
after re-lining or patching is of primary importance. 
To allow sufficient time for cooling of the converter in 
order that the lining may be patched and the vessel 
afterwards thoroughly preheated, it is common practice 
to operate on alternate days only. The day’s blowing 
completed, cooling is accelerated by passing air through 
the tuyeres at a pressure of 14-2 lb. per sq. in. for 
2 hours or so. Next morning the lining is repaired by 
patching with ganister material, and after some 30 mins. 
natural drying a fire is started inside over the tuyeres, 
the vessel then being filled with coke. Blast is supplied 
at a pressure of $ lb. per sq. in., and after an hour or so, 
when a flame appears at the converter mouth, the 
pressure is increased to 14-2 lb. per sq. in. The fuel is 
well mixed by completely rotating the vessel three or 
four times and allowed to burn overnight without blast, 
but with the wind-box plate removed and with the 
vessel turned down, a perforated plate having been 
inserted at the nose. 

The following morning the wind-box plate is replaced 
and the fuel replenished. Air is blown several times at 
half-hourly intervals, the vessel being left alternately up 
and down after complete rotation three or four times 
between blows. When the cupola is about to be tapped 
the hot vessel is turned nose-down and the coke removed. 
Coke consumption varies between 10 and 25 ewt., 
according to capacity. Without delay the desulphurised 
cupola metal is charged into the preheated converter 
whilst in a turned-down position, the weight of the 
suspended ladle and metal being noted before and after 
charging, 

The Blow.—The tuyere plate is attached and blast is 
fed through the tuyeres at a pressure of 34—4 Ib. per sq. in. 
The vessel is turned back to an angle of 15° from the 


vertical, when the surface of the metal should be 3-1 in. 
jungbluth and Bruhl * Relationship between Coke Consumption and 
ses in Cupolas Tech. Mitt Krupp, 1939, 2, 1. 
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under the tuyeres.*° There is an upward shower of 
star-like sparks and, at lower levels, of minute red 
particles. A distinct glow over the tuyere side develops 
into a small, unsteady flame which gradually becomes 
more luminous, gaining height. It should become light 
and ripping, with red-tinged edges. If wholly yellow, 
the oxidation temperature requires raising by the 
addition of preheated lumps of 45-50% ferro-silicon. 
Within 8 mins. or so the flame should have reached a 
height of 2 or 3ft. Throughout the next period of up 
to 4 mins., air pressure is carefully controlled in order 
to restrict the height of the flame and to prevent boiling, 
with the possibility of vigorous ejection. 

About 12 mins. from commencement of the blow the 
bulk of silicon and manganese will have been oxidised 
into slag. The oxidation of silicon and manganese is 
held to be indirect, following upon a temporary oxidation 
of iron :— 


2Fe + O, --> 2FeO 
2FeO + Si - S:0O, + 2Fe 
FeO Mn ~~ MnO + Fe 


A proportion of manganese carbonyl (MnCQ) is said to 
be evolved. 

The oxides combine to yield the slag :— 

SiO, + 2FeO «— Fe,SiO, 

SiO, + MnO ~~ MnsSiO, 
The silicon flame then falls perceptibly, to be replaced 
by an intensely white flame from the fierce oxidation of 
carbon monoxide. 

At this stage the bath becomes violent, ejecting oxide 
and showers of sparks. The boil period, that of ignition 
of the bulk of carbon, has begun, and the blast, which has 
by this time been reduced appreciably, is set at 2}—2$ lb. 
per sq. in., and the vessel turned “ into the wind ” until 
11° from the vertical. The boil period lasts 6-9 mins., 
the duration varying with the shape of the bath, precise 
air-pressure, carbon content, etc. 

As removal of the carbon proceeds the bath becomes 
less violent, but the flame, now steady with feathery 
edges, becomes increasingly brilliant, climbing the while. 
Slight adjustment of the blast may be required to keep 
the height of the flame below 30in. Eventually it rises 
voluminously and rapidly to the peak, marking the 
fining perod which lasts about 2 mins. At this stage it is 
good practice to add broken glass (10 1b. per ton) in 
order to obtain a fluid slag that will allow ready penetra- 
tion of the blast. The flame is finally seen to fall quite 
distinctly, and when barely a foot in height the vessel is 
turned forward out of the wind and the blast shut off 
simultaneously. 

A momentary ruddy oxide flame follows the carbon 
flame. Abnormal quantities of dissolved ferrous oxide 
result if the blow is prolonged, even for as much as half 
a minute. The only satisfactory practice is to remove all 
the carbon. There is no indication of the content 
during the blow, and it is hopeless to attempt to avoid 
recarburising by ending the blow when it is thought that 
a suitable carbon content has been reached. Oxidation 
of all three elements—carbon, silicon and manganese— 
commences as soon as the blast strikes the metal. 
Hence the many attempts to describe the blow as a 
series of well marked stages have caused confusion. 
It is, however, conveniently considered in terms of the 
two overlapping stages described, viz., oxidation of the 
bulk of the silicon and manganese, and oxidation of the 
bulk of carbon. 
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The initial blowing angle should not exceed 15°, nor 
the subsequent angle 11°. When more than 20° and 15°, 
respectively, from the vertical the large surface area 
exposed, coupled with deep angle of impingement, leads 
to very fierce oxidation, involving heavy fusion losses 
and yielding inferior metal. Where the blowing angle is 
too vertical, however, the air oxidises the slag rather 
than the metal. It is advisable to have a quandrant, 
calibrated up to 20°, attached to the vessel. The practice 
of blowing at 25-30°, so that a heavy charge may be 
taken, is most unsound. 

Air pressures exceeding 4} lb. per sq. in. are also 
injurious in respect to fusion losses, whilst pressures 
less than 2 lb. are inadequate to keep the molten metal 
from running down the tuyeres. 

The heat required to maintain the fluidity is generated 
by the exothermic oxidation of the impurities—silicon, 
carbon and manganese,—which thus behave as internal 
fuels. As early as 1906 Richards*' found the relative 
increase in temperature generated by the elements to be 
iis follows 


! ses the temperature ISS", 
i”, - co E 8 C. 
l ‘ ~ eo Lin ¢ 
I* Mn ~ Mune a1 ¢ 

The blow metal has the following approximate 
percentage of composition : 

‘ = Mi = r ri Cu Al. 
ut Te eal Te Ons ool O06 Te | 

Inevitably, there is also a proportion of ferrous-oxide 
which would result in brittle unworkable steel, full of 
blow-holes. It is decomposed by additions of ferro- 
silicon and ferro-manganese, of approximately the 
following composition 

‘ Si Mn = * ri \ tu tu 

v-08 we Te ow ooo ole O-6 0-06 

et eo 7NO Tee og 0-08 ool O-O3%, 

The loss of manganese is appreciable, sometimes 
amounting to more than 50°, of the quantity added. 
Much depends upon the condition of the slag ; if viscous, 
it tends to alloy, despite thorough rabbling. The slag is 
conveniently thinned by the addition of a shovel of 
burnt limestone, which thus serves to reduce the loss 
somewhat. Where the slag is unduly thick a block of 
fused soda ash is preferable. The losses may be reduced 
to 20 per cent. by first adding aluminium in ingot form 
at the rate of 7 lb. per ton, the addition being held under 
by the use of bars. The slag is first pushed back to leave 
a bright pool. This treatment permits fairly close 
control of the manganese content, which may otherwise 
be extremely erratic. Similarly, the pre-addition of ferro- 
silicon is conducive to small losses. 

The two ferro-alloys are added in amounts to yield 
a residual content of 0-3°, silicon and 0-8-1-4°, man- 
yanese, aceording to the type of steel required, some 
15-20 lb. of 45-50°, ferro-silicon and 30-60 Ib. of 70°, 
ferro-manganese being added per ton. The alloy lumps 
are preferably preheated, but the practice of adding them 
cold leads to greater penetration of the slag and to lower 
losses. 

Manganese is particularly beneficial in converter 
steel, especially in its effect on inclusions, in prolonging 
the fluidity dur‘ng casting, and in permitting a reduction 
of the carbon content. Where low-carbon steels are 
required the ferro-manganese may itself introduce 
sufficient carbor Where the carbon content is to be 
slightly higher, small additions of preheated pig iron 
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(700°-900° C.) are permissible, but in order to maintai: 
the temperature of the bath molten cupola iron shoul | 
be used for all appreciable recarburising. The tenden: 
to avoid such additions and to cast very mild metz! 
frequently leads to heavy skulls, unless the castiny 
temperature is excessively high. 
The following reactions occur on deoxidising and 
recarburising :— 
Mn + FeO -> FeMnO 
C + FeO --~ Fe + CO 
Si + FeO —~ 2Fe 
2Al + 3FeO —-> 3Fe 
exothermic). 
Inadequate deoxidation results in pin-hole porosity. 


Al, O, (strongly 


Tapping.—During the tapping aluminium is used for 
scavenging at the rate of 2 lb. per ton. Preferably, the 
molten steel is tapped into a single ladle, very strongly 
preheated (over 900° C.). In any case, the ladles should 
le heated for at least 6 hours, and where possible for 
8 hours. If the metal is very hot a tea-pot ladle may be 
used. The stoppered type similarly ensures freedom from 
slag and permits heavier blanketing and, consequently, 
prolonged pouring. The initial pressure from the head 
of metal is too heavy for light cores and should be 
reduced by first pouring the heavier castings. It is 
advisable to have a lip on stoppered ladles as a safety 
measure in the event of the stopper sealing up. 

After tapping, the weight is noted and a record is 
kept of the percentage fusion loss, which should not 
exceed 14%, or, including the cupola losses, 20°). 
Heavier losses are associated with overcharging of the 
vessel, an excessive blowing angle, unsuitable tuyeres, 
and heavy blast pressures. 

Various attempts have been made to dephosphorise 
acid-converter steel by means of basic oxidising slags, 
and recently a cheap and rapid process has been devised 
by Yokum*™ in the United States. Its application is 
restricted to the manufacture of steel containing not 
much more than 0-20°%, of carbon, but this limitation 
does not much affect its usefulness so far as modern 
Tropenas practice is concerned, for it has been found 
that the substitution of manganese for the upper 
proportions of carbon yields an improved combination 
of strength and ductility. Values of 40 tons per sq. in. 
tensile and 23°, elongation are obtainable with 0-24°, 
carbon and 1-5°% manganese. 

The process is operated as follows :—A_ viscous- 
converter slag, which can be readily separated, is 
produced by controlling the silicon and manganese in 
the molten charge to give a ratio of 2} Si: 1 Mn, suitable 
percentages being 1-3-1-5°% Si and 0-5-0-6% Mn. 

Very hot metal is required and blowing is stopped 
1-6 secs. after the first indication of the fall in flame, 
the period varying directly with the silicon content and 
usually being 3-4 secs. On tapping, the slag is readily 
withheld in the vessel by inserting into the nose a block 
of wood, 4 in. square at the ends and having a long 
handle-rod at an angle to protect the operator from the 
heat. Supports for the block are built into the nose of 
the vessel. The dephosphorising mixture consists of 
50°, impure lime (silica 1-8, and ferric oxide 2-7") 
passed through a }-in. sieve and freed from fines,—50" 
dried mill seale, and 20°, dried fluorspar. The high 
content of silica and iron oxide in the lime is necess#ry 
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to bestow a low-melting point (1,400° C.), the higher- 
meiting point of pure lime (1,900°C.) retarding the 
reaction. A short time before use the materials are 


charged in the order given into metal containers of 


50 lb. capacity and then transferred to a feed-hopper 
carrying a pipe chute for directing the mixture towards 
the stream of metal, the rate of tapping being fast and 
slow alternately, to maintain an adequate boiling action 
in the ladle. 

lhe calculated amount of ferro-manganese is added 
(the efficiency is 70°), and addition of the dephespkoris- 
ing mixture at the rate of 54-78 lb. per ton is begun 
upon the first appearance of the manganese boil resulting 
from the first shovelful of alloy. The rate of flow is 
controlled by a sliding valve at the bottom of the 
hopper, the addition being made as rapidly as the metal 
will take the mixture up and melt it. The full addition 
has been nade by the time half the metal has been 
tipped. The operation, which lasts some 30 secs., 
effectively reduces the phosphorus content from 0-09°%, 
to 0-:02-0-04%. 

The high temperature of Tropenas steel permits the 
use of green sand for castings that are not to be machined .** 
Dry sand, however, usually produces sounder castings ; 
the drying temperature should be kept within close 
limits. Systematic sand testing is essential. It is 
important to have the moulds protected from the oxide 
showered from the converter. Heavy moulds should 
always be at hand for use in the event of the metal 
having become too cool for light castings. Where 
prolonged casting is required, proper disposition of the 
moulds is a major factor in preventing skulls. There 
should be separate rows for given specfications, and the 
boxes should be placed in a regular ascending or 
descending order, to obviate constant raising and 
lowering of the crane. Feeding materials (charcoal or 
proprietary mixtures) should be used on all heads if 
the fluidity is to be retained. The usual tendency is for 
heads to be unnecessarily heavy and wasteful. 

For both light and heavy castings, the serial number 
should be marked on the moulds and the casting date, 
together with the heat numbe-, carefully recorded. In 
many cases stamping the heavier castings individually 
well repays the little extra work entailed. Even the 
best technical control becomes futile if the identification 
system is unsound. Only by reliable correlation of these 
entries with the chemical analysis and mechanical test 
results can mistakes be traced and obviated in the future. 
Numbered kibbles should be used to ensure proper 
segregation of all very light castings made to comply 
With specifications. In few foundries is sufficient 
attention paid to proper identification, so essential 
if test-bars and laboratory samples are to be of any 
valu 

Accurate day-to-day analysis of each heat is imperative. 


Deviotions from the target range may then be traced to 
their source and the furnace charge corrected. Carbon 
and ;,anganese should be determined in time for any 
lecessary adjustments to be made before the following 
heat -s blown. 


An up-to-date specification list should be kept, 
ig the full range of castings with information on 
composition-ranges, casting temperature, heat- 
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treatment, etc. The numerous types can then be grouped 
into but a few classes for common melting and treatment. 
The following classification will serve for a very extensive 
variety of castings : 


Minimum 
Elongation, 


Fensile 
Strength, 
! 


Pons pers. in. = oe ‘e° 


Carbon, Manganese, 


Group. 
“ -TS—4)-24 1-]—4)-9 
pa) 204) 26 1-3 
( 35 mins 15 24-2 
I 1) mins. 20 -28 40+ 1-4 





1-1 
1-25 
1-3 





In all cases silicon 0-25-0-35°%, > sulphur less than 
0-04°,, and phosphorus less than 0-05°%%. 

The best heat-treatment for types A and B is a full 
anneal from 900° C. and for C and D annealing from 
900° C. to 630° C., and then normalising with the kiln 
doors open. The duration of heating at the upper 
temperature is reliably calculated from the basis of 
1 hour per inch section, a duration of 2—3 hours serving 
for a very wide range of work. The requisite temperature 
is seldom attained in common practice, and this factor 
is one of the most frequent causes of failure in castings. 
Thermocouples attached to recorders may be placed in a 
zone not in the least representative of the kiln as a whole, 
and the variation in temperature from zone to zone should 
be established by means of Seger cones. The heating may 
then be adjusted so that the temperature of 900° C. is 
reached in the coldest zone. 


Conclusion 

The foregoing account is designed as a contribution 
towards advancement in works practice. If present-day 
specifications are to be genuinely complied with, really 
refined technical control of the foundry must be regarded 
as indispensable. No one could deny that a considerable 
proportion of castings fails to comply with the high 
standard made possible by long years of metallurgical 
research in institutions and individual firms. 

Regrettable as it would be for foundry technique to 
become over-elaborate, it is nevertheless clear that 
proper organisation cannot exist without up-to-date 
control. In point of fact, modern science usually goes 
hand in hand with simplification. 

Bearing in mind that steel-making is a -branch of 
applied science, the authority granted to technical 
personnel in the industry is limited indeed. If they were 
empowered to apply their well-reasoned decisions, 
confusion would give place to economic order. It is 
when it is adopted solely as a means of promoting 
material efficiency that scientific control sometimes 
proves disappointing. There must be a real respect for its 
gr atest advantage, that of replacing manual and mental 
drudgery with dignity and individualism. All that is 
required is the preparedness of managements to promote 
scientific conditions throughout the works for the benefit 
of employee and consumer alike. Only in this way can 
the extravagance of guesswork and lack of unity in 
organisation be overcome. The fallacy that output is 
the criterion, irrespective of the treatment of workers 
and staff, is the usual source of the strained feeling and 
obstructionism that at any time may spell industrial 
disaster. 
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The Institute of British Foundrymen 


Fortieth Annual General Meeting held in London 


Despite the difficulties caused by the present conditions, a surprisingly large number of 
members managed to uttend this meeting and a very lively interest was taken in the 
proceedings and in the subsequent technical session, to which brief reference is made here. 


HE annual general meeting of the above Institute 
| was held at the Waldorf Hotel, London, on 
June 26. The business meeting opened with 
Major Miles in the chair, who was able to report 
substantial progress. In regard to increased mem- 
bers, it was suggested that the present membership 
probably exceeded that of any other British Institute 
concerned with metals. It is noteworthy that an 
additional award has been accepted for competition 
among members; it is to be known as the British 
Foundry Medal, and will be awarded for what is con- 
sidered to be the best paper on a foundry subject. 


Election of Officers 

Mr. Daniel Sharpe was elected president, and Mr. 
D. H. Wood remains senior vice-president, since it is 
anticipated that the first post-war convention of the 
Institute will be held in Birmingham, with Mr. Wood 
in the chair. The election of Mr. J. W. Gardom as junior 
vice-president was well received. Mr. Gardom has done 
a lot of work for the Institute, especially in connection 
with the Technical Committee, and it is gratifying to see 
honour conferred where it is due. 

The Council elected comprise Messrs. L. W. Bolton, 
V. Delport, Barrington Hooper, C.B.E., E. Longden, 
and P. A. Russell, and Mr. R. B. Templeton fills the 
vacancy caused by the election of Mr. Gardom as jounir 
vice-president. 

Awards 

The E. J. Fox Medal was awarded to Mr. W. B. Lake, 
J.P., for his pioneer work in conrection with the pro- 
duction of steel castings. It is noteworthy that his co- 
director and works manager, Mr. C. H. Kain, was awarded 
the Oliver Stubbs Medal for his work, spread over a 
decade, on the production of steel castings. The 
Meritorious Service Medal was awarded to Mr. A. Hayes 
for bis work on behalf of the Institute in the Monmouth- 
shire area and for his efforts in connection with the 
opening of the new branch in Bristol. 

Diplomas were awarded to Messrs. J. Vickers, F. 
Dunleavy, W. Montgomery, W. Gladwell, and W. Brown, 
for papers presented at various branches of the Institute 
during the 1942-43 session. 


Presidential Address 

On being inducted into the chair, Mr. Daniel Sharpe 
commented on the value of the analytical mind which 
formulates questions, he regarded it as part of the make- 
up of the foundry executive with which a knowledge of 
science and art is combined. His views on the foundry 
industry are concerned more with mechanisation than 
with craftsmanship. Thus, he stated, although we must 


take heed of the craftsmanship of yesterday and to-day, 
it would be disastrous if the oft-championed claim for 
preserving the craft allowed us to ignore the greater 
claims of modern methods, which have done so much 
to improve the speed and economy of production, in 
addition to providing improved working conditions, both 
in comfort and safety, as compared with half e century 
ago. In dealing with this problem, Mr. Sharpe con- 
sidered we should be both critical and venturesome. 

He commented on the changing design and require- 
ments of industry, and hazarded the view thet the future 
holds out great opportunities for specialisation where 
methods peculiarly suitable to the production of a 
distinct grade of cast iron can be introduced to reduce the 
cost of manufacture and improve quality and accuracy, 
and he predicted steadily increasing efforts to travel 
along the specialist line. 


Edward Williams Lecture 

Following the business meeting, the above lecture was 
delivered by Dr. 8S. F. Dorey, chief engineer surveyor 
to Lloyds Register of Shipping. The subject chosen 
dealt with the contribution of the steel founder to marine 
engineering, and Dr. Dorey was able to indicate the great 
strides made in the use of steel castings in this section 
of engineering ; the increased pressure and temperatures 
operating made greater demands on castings which was 
being met by the products of the steel foundry. Despite 
the greater use of welded structures to displace castings 
and the increasing competition of the iron founder, the 
contribution made by the steel founder in the develop- 
ment of marine engineering was very considerable, and 
the future for steel castings seemed to be particularly 
bright. 

Technical Sessions 

After luncheon technical sessions were held, and in 
view of the limited time available and the considerable 
number of papers presented, the practice was again 
followed of sectionalising this part of the meeting. 
Three sessions were arranged, each dealing with par- 
ticular sections, and they proceeded simultaneously. 
One session was concerned primarily with non-ferrous 
founding, a second with various aspects of iron founding, 
while a third, which constituted a joint meeting with 
the Iron and Steel Institute, dealt with aspects of steel 
founding. At this latter meeting the American Foundrv- 
men’s Association Exchange Paper, by Mr. C. W. 
Briggs, was presented. Very lively discussion followed 
the presentation of some of the papers, and the meeting 
was considered to be one of the best since the war began. 
Brief abstracts and reviews of the majority of the papers 
are given in the following notes : 
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The Effect of Casting Conditions on the 
Properties of a Magnesium Die-Casting 
Alloy 
By Pror. W. R. D. Jones, D.Sc. 

HIS report deals with experiments carried out to 
study the effect of certain conditions on the sound- 
ness and properties of a magnesium-rich alloy. The 
composition of the alloy chosen was aluminium 9 to 11%, 
zinc about 14%, manganese 0-3°,, which comes within 
the specification D.T.D. 136a.* After solution heat- 
treatment it is D.T.D. 281, and then after a subsequent 
precipitation treatment D.T.D. 285. The specification 
minimum tensile properties are as follows :— 
rABLE 1. 





Ultimate Stress, Elongation, 
Tons /sq. In. %. 
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The alloy chosen is one which has been shown by 
experience to be generally useful. It is a type of alloy 
which has a fairly considerable temperature range of 
solidification and is thus liable to unsoundness in the 
casting. In the case of a pure metal or solid solution, 
contraction on cooling is stated to be external, but in 
eutectic alloys there is in addition an internal shrinkage 
which may give rise to interdendritic cavities which 
have been termed generally micro-porosity or micro- 
shrinkage. 

Preliminary experiments, carried out with ingot 
castings made in a tapered mould and in a group-casting 
mould, showed that the mechanical properties of n any 
of the alloys were considerably below what could have 
been expected. Polished sections of the defective ingots 
when examined under the microscope showed serious 
porosity, which was interdendritic and was assumed to be 
microshrinkage caused by inadequate feeding. In order 
to eliminate this interdendritic cavitation several 
further experiments were carried out, the ingots in each 
case being examined by cutting complete axial sections 
and grinding and polishing as required for examination 
under the microscope. 

From the results of these experiments the author 
draws attention to the following points :— 

(1) No ingot was completely free from microporosity. 

(2) Ingots cast into cylindrical moulds were at least 
as good as those cast into tapered moulds which 
had been expected to reduce the possibility of 
microshrinkage. 

(3) Other things being equal, a hot mould produced 
ingots with less porosity than a cold mould, and 
certainly gave an improved surface to the ingot. 

(4) The temperature gradient produced in the solidify- 
ing alloy did not control the position of the areas 
of microporosity, since porous areas occurred at 
the bottom of the section as frequently as at the 
top. 

(5) There was little, if any, difference between the 
microporosity in the cylindrical ingots which 
had been teemed in an inclined mould and those 
teemed into a vertical mould. 

(6) Ingots which had not been fed and showed a more 
or less deep pipe were not as free from micro- 
porosity as those which had been fed by decreas- 
ing the rate of pouring when the mould was 
practically full. 


but this amount was chosen 
nh Seure of the alloys 


‘content is not usually 
tis underste« 


is high as 14%, 


I that zine increases the ele nputic 
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(7) To produce ingots with good surfaces by down- 
running, the teeming should be mechanically 
controlled, as, for example, by the use of a tun- 
dish with a suitable sized nozzle. 

As a result of these experiments, it was considered 
that the interdendritic porosity was not due entirely to 
microshrinkage arising from failure to feed the material 
adequately during the last stage of solidification. 

A further series of ingots was prepared and cast into 
the group mould. The superheating temperature was 
750° C., and the casting temperature was also 750° C. 
The surfaces of the ingots were good. Longitudinal 
polished sections were prepared from the ingots, and 
the results of the examination for microporosity are 
given in Table II. 





rABLE Il. 
MICROPOROSITY OF GROUP-CAST INGOTS, 
- ——_____—_. $$ — 
Al, Zn, Mn, | Estimate | Position of 
Mark. ~. % >. | of | Porous 
| | Porosity. Areas, 
| Nil Nil Nil Nil 
16 | Nil Nil edd Nil 
17 } 10-72 Nil 0-03 Nil 
1s | 10-46 Nil 1-28 Trace 
” 1-68 1-26 27 Small Top 
19 os | 2-07 O27 | evenly 


Small 
distributed 


The results of mechanical tests on these group-cast 
ingots, in the “‘as cast’ and heat-treated conditions, 
showed that reasonable variations in the amounts of 
added metals did not make much difference either in 
the grain size or the mechanical properties. All ‘‘ low ” 
results were due to microporosity. However, if freedom 
from porosity were possible, the effect of appreciably 
increasing the alloy content would be to increase the 
ultimate stress, with a corresponding decrease in the 
ductility. Any slight alteration in the alloy content 
which might be caused by prolonged heating at a high 
superheating temperature is not likely to affect seriously 
the mechanical properties. 

The effects of microporosity on the tensile properties, 
of superheating, of remelting, and of mould temperature 
are discussed at length, and the author draws the 
following conclusions from the work done :— 

I.—Microporosity is the predominating factor to be 
considered in the production of die-castings of the alloy 
D.T.D. 136A. Microporosity is probably due to two 
separate causes: (a) Microshrinkage which takes place 
during the later stages of the process of solidification ; 
(b) microporosity caused by “ tearing ”’ at the interface 
between the alpha-solid solution and the beta-constituent 
due to the inability of the constituent to withstand the 
stresses caused by contraction during cooling after 
solidification has been completed. This is an inherent 
property difficult to control and is possibly due to the 
zine content of the alloy. Co-operation between die 
designer, die-caster, and metallurgist should be able to 
minimise the occurrence of microshrinkage or to ensure 
that it does not occur at the position of maximum stress 
in service. The presence of the * hot tears’ decreases 
the ultimate stress and ductility to about 70%, of the 
values of sound material, but, in this alloy, the pro- 
perties of the material are still above the specification 
minima. The interdendritic cavities are not continuous 
and the limit of proportionality (and proof stress) are 
not seriously affected by their presence. 

II.—The effect of superheating temperature on the 
grain size and mechanical properties is less noticeable 
than in the case of sand castings, chiefly because the 
grain size of a sand casting is coarser. The indications 
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were, however, that yvrain size increases with a rise in 
the superheating temperature, but not to an effective 
amount. 

I11.—Solution heat-treatment should be carried out 
for 24 hours at as high a temperature as is practicable, 


followed preferably by quenching in water. Solution of 


the compound is facilitated if it is present in the 
‘eutectic rather than as primary beta-constituent. 
A hot mould aids the separation of the beta-constituent 
as a eutectic structure and commercial practice should 
aim at providing as large a proportion of eutectic in the 
casting as possible, so that solution shall take place 
rapidly and in the minimum time. This means controlling 
the rate of cooling in the mould. Teeming into a hot 
mould produced ingots with slightly coarser grain size 
than a cold mould, but the benefits from the decreased 
urain size may easily be lost under practical conditions 
by the disadvantage caused by incomplete solution of the 
beta-constituent and the liability to cold shuts, misruns 
and oxidised metal. 

IV.—The tempering operation should be carried out 


at about 185° C. for 24 hours. Prolonging the time is of 


no advantage, and may decrease the hardness of the 
alloy. 

V.—Better castings were produced from remelted 
ingot alloy than from virgin metals. 

VI.—No advantage was gained by extending the 
superheating time (e.g., beyond 15 mins.). When the 
time was extended to 30 mins. there was no effect on 
the grain size or mechanical properties. 

VIl.—-X-ray, and microscopic, and spectrographic 
examination failed to reveal any difference other than 
yrain size in ingots of similar composition but of widely 
different grain size in the “ as-cast” condition. 


A Method of Correlating Foundry Practice 
and Quality of Light Alloy Castings 
By H. G. WARRINGTON. 
| & a modern foundry laid out for mass production of 
light alloy aero-engine castings a preliminary 
investigation of the methods to be employed is essential, 
in order that satisfactory castings are produced with 
the minimum of wasters. In a jobbing foundry this is 
more than ever essential, where the number of patterns 
in use is greater per unit of floor area, and the possibility 
of small numbers off a greater variety of types means 
that the time that can be spent experimenting with 
moulding methods must be cut to a minimum. 

In a foundry, moreover, that is closely associated with 
alloy developments, castings are often required for 
prototype engines and aircraft, perhaps only two or 
three off in a desperate hurry. They may be forgotten 
for perhaps six months, and then after tests are com- 
pleted, not only are production orders received, but are 
divided amongst two or three other foundries in the 
country who require ingot material of the alloy originally 
specified, and welcome some assistance as to the moulding 
methods that will get the job under way as quickly as 
possible. It is incumbent on the supplier of ingots to 
specification to be in a position to recommend casting 
practice and to be able to take on any job at a moment's 
notice, 

With this problem to face it is evident, first, that a 
routine must oe established for recording moulding 
methods so that a casting can be picked up again after 
a lapse of time, and recommendations made in a clear 
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manner to other foundries, and, secondly, that a rapid 
means of examination is conducted, and what is move 
important that the results of the examination a 
transmitted to the foundry in the case of an unsuccessf i! 
first attempt so that the correct modifications can |e 
adopted to produce a sound casting next time. 

A third factor which must on no account be ove;- 
looked is the importance of checking the production run 
as well as the first few samples. The early castings ave 
usually produced under the eye of the foreman moulder, 
the metal temperature check, fluxing, degassing and 
grain refining if called for, conducted by a laboratory 
worker, and the heat-treatment given special priority. 
Under these conditions, a perfect casting can be pro- 
duced by a method that is not flexible enough for later 
production, and it is obviously more practicable to 
provide a foolproof method than to tighten down on 
detail to the extent that one is always working near the 
danger line. 

Similarly, a further examination is required in detail 
with a follow-up in the case of any change in procedure 
that may be necessitated in the course of production. 
An example may be given of the results of changing an 
aero-engine cylinder head from floor to machine mould- 
ing. The machine method meant elimination of sprigs 
between the fins, and the substitution of oil-bonded 
silica sand for natural bonding sand. Otherwise, the 
methods were identical, but sections cut through the 
machine-moulded castings demonstrated that a_ hot 
spot had developed exactly opposite the runner gate, 
causing a shrinkage cavity, which was just hidden 
from superficial inspection by a skin of sound metal. 
Observation showed that the solidification period with 
the altered sand was considerably longer, with the result 
that whilst risering was still adequate a new method of 
gating had to be developed before machine moulding 
could proceed. 

The accumulated knowledge of these recorded effects 
of various moulding methods can lead to later changes 
in production, even if proceeding satisfactorily, as 
reflection on the first examination and the later follow- 
up may frequently indicate where a change can be 
introduced, not necessarily to improve the quality of 
the castings, which was the initial object, but to reduce 
the man-hours employed in moulding, coremaking or 
fettling. Such modifications, however, on aircraft 
castings subject to radiological examination and usually 
highly stressed are of necessity a secondary consideration, 
and the first object must always be to obtain a sound 
and uniform component. 

Examination of ‘* First Off ’’ Castings 

The first casting made is invariably used for dimen- 
sional check, and in all foundries there is, or should be, 
well-established machinery for transmitting this informa- 
tion to the pattern shop, initiating modifications and 
recording departures from drawing. Slight variations 
from dimensional tolerances do not often affect the 
moulding methods, however, and for the controi system 
described it is convenient to make two castings from the 
first pour, the second one being sent to the laboratory 
for control check. The completeness of thir investigation 
will depend on a number of factors, such as the size and 
intricacy, design stressing, number required — and 
previous experience on similar types of casting in ‘he 
alloy employed. 

A full investigation will seldom be necessary, and 
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indeed as a routine check, to be conducted with the 
piecision of check tensile testing or dimensional inspec- 
tion, its main advantage would be lost if too much 
time were employed getting down to unnecessary detail 
which might delay getting important features back to 
the foundry in time to controi the first production run. 
The examples which are given in this paper, therefore, 
show certain features in common, but vary in the method 
of evaluation, particularly on first check, with the 
importance of the casting. 


Fig. 1. 
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These can be itemised as follows :—(1) ‘ First off” 
castings, one to dimensional check, one to quality check ; 
(2) photograph showing runners and risers ; (3) record 
of dimensions of runners and risers; (4) details of 
moulding sand, core sand, pouring temperature, ete. : 
(5) visual examination ; (6) radiological examination : 
(7) heat-treat, if required; (8) fracture examination 
(essential for heat-treated magnesium-base alloys): (9) 
macro and micro examination of typical sections, face 
polished and etched; (10) tensile tests from repre- 





Magnesium alloy castings, produced by several different methods, submitted for laboratory examination 


and approval of best method of manufacture and foundry technique. 


Rejections on pressure testing of 


castings made by method illustrated in Fig. 6, the chosen method, have not exceeded 2°,. 





Photographic Records 
The essential feature of all reports is the record of the 
method of moulding employed, and it was decided that 
the first and most important record must therefore be 
a clear photograph taken in studio lighting of the 
casting complete with runners and risers. This must be 
supplemented by a list of dimensional details of the 
runners, gates, risers, ete., the moulding and core sand 
employed, and the casting temperature. The visual 
appearance of the casting must be described in all cases, 
but the remainder of the examination will vary with 
expediency. To locate internal shrinkage, porosity, 
grain size variations and segregation, use may be made 
of ) .diography, polished and etched sections, fracturing 
anc pressure tests. 
evaluate stress requirements and general homo- 
gen ity, tensile test-pieces may be taken from a number 
of . cations, and in the case of large piston castings a 
Bri: ll hardness survey is taken on all machined surfaces. 


Fig. 5. 


Fig. 6. 


sentative sections (stressed castings); (11) Brinell 
hardness survey (piston castings): (12) pressure test 
(after machining if possible); (13) analysis check for 
composition variations. 

The completion of an investigation of this nature 
would delay castings urgently required, and sufficient 
information to enable the foundry to proceed can 
normally be given after radiological examination has 
been completed. This is achieved by means of an interim 
memorandum sent from the laboratory to the foundry 
superintendent approving the method for production or 
notifying the necessity for modifications, with descrip- 
tions of the defects encountered. In this way the 
necessity for an individual report for each modification 
is unnecessary, the investigation being held over until 
another casting is available, so that the official record 
will normally describe the satisfactory method, and 
finish with the formal approval for production. 

On many simple components it is simply necessary 
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to report that ‘the casting has been photographed, 
examined visually, radiographed and fractured. No 
defects were noted and the method is approved for 
production.”” This assumes, of course, that it is of a 
type that has a good previous history, and that from 
knowledge of similar components in production the 
examiner is confident that no difficulties such as dis- 
tortion or cracking will occur during heat-treatment 
and that from his knowledge of the alloy concerned and 
of the customers’ requirements that there will be no 
doubt that the required mechanical properties will be 
achieved. This is no mere assumption, and links up the 
* first off * examination with another type of investiga- 
tion that is conducted from time to time. 

When a new type of alloy is introduced into the 
foundry, before production castings are made, an assort- 
ment of typical patterns are chosen, whose reactions to 
standard alloys by established moulding methods are 
known, and a few castings of each are made. If these 
are successful, or achieve success after modifications to 
suit the new material, it is then known that for certain 
gencral types of moulding castings will be expected to 
have certain mechanical properties. 

Submission of Castings 

The mechanism by which the casting is submitted 
for examination may be varied to suit local conditions. 
It may be established that when the dimensional check 
is made, the inspection department requires two castings, 
only one of which is to be fettled, and the other they 
will record after a rapid visual survey and pass on to the 
laboratory for the major investigation. This will ensure 
that obvious defects such as draws, cold shuts or crushes 
are not submitted, but has the disadvantage of breaking 
the contact between laboratory and foundry. 

Another method is for the laboratory man, who is 
responsible for quality control in the foundry, to have 
access to the production department’s list of require- 
ments for new castings, and arrange to be present once 
or twice during the moulding, and, when the casting 
is poured, noting all relevant details. He can then 
discuss the moulding and the apparent results on the 
spot, and take the casting away for testing. An inflexible 
ruling should not be made on this point, however, as 
on a number of new jobs a glance at the pattern will 
indicate that the examination will merely be a formality 
and that production can go straight ahead from the 
moment it is received in the foundry, the inspection 
department merely making sure that nothing is 
despatched to the customer until the result of the 
examination is known. 

It is obviously important that this decision must be 
taken wherever possible, not only to avoid the develop- 
ment of an irksome system for stopping good men work- 
ing, but to develop a spirit of collaboration between the 
laboratory man and the foundry, and to allow the fore- 
men and technical people freedom from an insistence 
on a routine to put their mutual efforts into consideration 
of the more difficult jobs where a cautious approach is 
necessary if valuable man-hours are not to be wasted 
moulding up for production of expensive scrap. 


Progressing and Records 
An importan formality, however, that was found to 
be very necessery is the recording and progressing of 
each examination by means of a * Submittal Note,” a 
copy of which is shown. There are several items printed 
on this form irrelevant to the examination of castings, 
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so that it can be used as a universal record for sul 
mission of forgings, sections, sheet, etc., from production 
or customers’ complaints or requests for special tests. 
The form is divided into three parts, one being kept by 
the department submitting the job, one containing the 
instructions in the case of special types of investigation, 
which accompanies the job to the laboratory and is 
attached to the manuscript of the report, and one which 
is filed in the laboratory administrative offices. 


SUBMITTAL NOTE FORM 


SAMPLE TO LABORATORY FOR INVESTIGATION 


ill Samples to be sent to Laboratory Steres, 
No.. 
Will you please investigate and report en the following material:- 
Customer e* 
Part No, 
Alloy 
Melt No, 
Reason for submission 
No. involved in complaint 
Reference letter dated . 
Signed ue Dated vee 
Phe above details to be filled in by Department submitting material, 
No... 
fo: Mr 
From Mr. A 
Will you please examine and report on the 
inelucle 
Chemical Analysis. 
Microscopical Examination 
Macro Examination. 
(train Flow 
Brinell Hardness 
Corrosion 
X-ray Examinaticr 
Fracture 
Approval for Produetion, 
delete investigation not required. 


thove samples, the investigation to 


Investigation completed : 


rIME BOOKED 


Name 

Hours 

Draft Received 

Passed to Typists 
Received from Typists . 


Please Report No, 


To Mr Ih 
From Mr. A 


Will you PHease progress this work, Which has been passed to Mr.. ‘ 
CUSTOMER COMPONENT 


Sample Received by Laboratory Nos, 


For information please ring Mr. RB. Phone rye. 


tried 
Date 


PHis PORTION TO BE RETURNE: TO DEPARTMENT SUBMITTING MATERIAL, 


Each part, separated by perforations, is printed with 
the same serial number for correlation and reference. 
The form then ensures that there is no doubt, when a 
casting has been submitted from the foundry, that the 
volume of work and time taken on the investigations are 
available, and that an unreasonable delay does not occur 
between submission and report without some inquiry 
being made. Each report is also given a serial number 
and the method of casting is identified by this number 
in all works’ correspondence. It is obviously simpler 
to refer to * method No. 2569,” for example, than to say, 
* the method used for machine moulded cylinder heads, 
Part No. —, prior to our latest modification,” and also 
avoids any possibility of error. 

Copies of the reports are issued to the foundry, the 
inspection department and the management, and filed 
in the laboratory. A list of titles and references is 
circulated generally to all others who are likely to be 
interested and who can obtain copies on demand. 

Typical Investigations 

Several typical investigations are described in the 
paper, but only the first example is referred to here. 
This concerns a magnesium alloy casting which involved 
particularly stringent pressure test requirements, and, 
owing to the amount of machining, an almost pertect 
casting was desirable. A large number of attempts were 
made before snecessful castings were produced with 
low rejections, but'a certain amount of production was 
carried on during the experimental series. 
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Castings from several different methods of manu- 
facture were submitted for laboratory examination and 
approval of the best method of manufacture and foundry 
technique. The castings were examined visually, photo- 
graphed, heat-treated, radiographed and fractured for 
examination. The various methods of manufacture are 
shown in the accompanying illustration, Figs. 1 to 6, and 
from a summary of the observations made upon examina- 
tion of the castings, it is concluded that castings for this 
part may be regarded as satisfactory for production 
to proceed, using the method illustrated by Fig. 6. 

Dimensional Details —(1) Downright, { in. diameter ; 
(2) channel, Ijin. by Igin.; (3) horn gates, { in., 
tapering to 8 in. sq.; (4) riser, 9 in. by 5} in. top, 1} in. 
by 6 in. base, 3} in. high. The mould was made in Bed- 
ford silica sand plus ammonium bifluoride inhibitor, and 
the cores in Bedford silica sand bonded with Crulin B 
plus ammonium bifluoride inhibitor. 


Report on Copper-Antimony-Nickel 
Gear Alloy 


Non-Ferrous Sus-COMMITTEE OF 

TECHNICAL COMMITTEE. 

HE work discussed in this report was undertaken 

following the receipt of information from the 
Hamilton Gear and Machine Company, of Toronto, 
Canada, outlining the development of a tin-free gear 
bronze containing approximately 7-0 to 8-0°, antimony, 
1-5 to 2-5% nickel, balance copper, and claimed, in 
some respects, to be superior to the more conventional 
alloys employed.* Obviously, a really good bearing 
material containing no tin might be advantageous for 
many other applications, quite apart from gears, at the 
present time, and this report of investigations deals with 
some of the characteristics associated with this group 
of alloys. 

The work of previous investigators on the subject is 
briefly reviewed, most of which was concerned with the 
constitution of the alloys. Four equilibrium diagrams 
are reproduced in the report from previous work. 
Apparently, however, no information was available 
regarding the founding characteristics of this group of 
alloys, and the Sub-Committee thought it desirable to 
obtain some idea of the behaviour of the alloys under 
production conditions. Practical tests were undertaken 
by Mr. J. Arnott, Mr. G. T. Heslop, Mr. E. J. L. Howard, 
and Mr. F. Hudson on copper containing 7-0 to 8-0%, 
antimony with and without nickel, and the results from 
these investigations form the main basis of this report. 

Generally, it has been found that the alloys appear 
to have good founding properties when correctly melted 
and poured. Some gas unsoundness in sand castings 
has been encountered by several investigators, du: either 
to dissolved gases or, more probably, to reaction with 
the mould surfaces used, but this can be avoided by 
suitable technique. Above 1,000° C. the metal is very 
fluid and runs readily and should present little difficulty 
in casting thin sections. Suitable casting temperatures 
seem to lie between 1,100° C. and 1,200° C., according 
to the section and type of casting, and there is nothing 
to indicate in these preliminary tests that methods of 
moulding and running need be any different from those 
adopted for normal tin bronzes. 

In connection with the alloy containing 7-0 to 8-0% 
antimony, 1-5 to 2-5% nickel, balance copper, recom- 
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mended by the Hamilton Gear and Machine Co., some 
difficulty has been found in obtaining an average tensile 
strength of 14-2 tons per sq. in. from sand castings, but 
by the use of chills considerably higher values than the 
quoted figures can be obtained with the composition 
specified and when modified by the addition of 0-5 to 
1-0°% of zine. Accordingly the use of chills or centrifugal 
casting might be suggested as preferable methods for 
production. Chilling does not effect much improvement 
when there is no nickel present, and in both sand-cast 
and chilled conditions the properties of the nickel-free 
alloy are much inferior to those obtained on the nickel- 
containing alloy. 

An interesting point brought to light in this report 
is the fact that the copper-antimony-nickel alloy can be 
hardened appreciably by low-temperature _ heat- 
treatment. 

Service tests on gear castings made in the copper- 
antimony-nickel alloy are under way, and it is hoped 
that the results of these will be available when this 
report comes up for discussion. The Sub-Committee 
also consider that it will be necessary to determine the 
corrosion resistance of this alloy in the more common 
environments. Until such tests have been carried out 
the alloy is not one which would serve as a general 
substitute for tin bronze, although it may be quite 
suitable for certain types of gears and bearing surfaces. 

In regard to the scrap problem, phosphor bronze and 
gunmetal are not particularly sensitive to contamination 
by antimony, and a slight admixture with the copper- 
antimony-nickel alloy is not likely to be of serious 
moment with those materials. On the other hand, 
brasses and manganese bronzes are adversely affected 
by quite small amounts of antimony; very careful 
segregation would therefore be called for if the new 
alloy were to be introduced into a foundry or machine 
shop handling brasses and manganese bronzes. 

The report concludes with an appendix giving sug- 
gested methods for analysing the type of alloys under 
review prepared by Mr. R. Woollen and Mr. J. McPheat. 


The Spectrographic Analysis of Cast 
Iron 
By F. B. Line, J. McPueat, and J. 
IN this paper is described the work done on a pro- 
gramme to establish the application of spectro- 
graphic analysis methods to cast iron. A general descrip- 
tion is given of the apparatus and method of use; the 
operation of the spectrograph and the estimation of the 
composition of samples are discussed in the making up 
of standards. 

The authors consider that the place of spectrographic 
work in cast-iron analyses must in all cases be affected 
by the type of iron to be tested, the number of samples 
to be handled, the need or otherwise for speed, and the 
specific alloying elements to be estimated. 

When this investigation was commenced, spectro- 
graphic analysis was the only alternative to purely 
chemical methods. Since then, however, the Spekker 
absorptiometer has come into prominence, and it un- 
doubtedly provides excellent methods for the estimation 
of elements which directly or indirectly give coloured 
solutions. The estimation of manganese, for example, 
is delightfully speedy and accurate. It can be safely 
assumed that both spectrographic and absorptiometric 
methods will be intensely developed in the near future, 


Arnott, F.I.C. 
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and any attempt at appraisal of their relative suitability 
can only be taken as applying to to-day’s date. 


Advantages and Limitations of Spectrographic 
Analysis 

The advantages of spectrographic methods as applied 
to cast iron might be stated as :— 

(1) Speed and Reduction of Labour.—Once the con- 
ditions are established, routine samples can be run 
through quickly, taking spectrograms of, say, a dozen 
samples in duplicate on each plate. Each sample may 
contain five elements which are to be estimated. The 
preparation, exposure, development, etc., are the same 
no matter how many elements are to be estimated ; the 
only difference is the few additional minutes at the 
microphotometer. 

As a rough idea of the overall time involved, a single 
operator averaged 2} hours for nine samples of cast iron. 
In these silicon, manganese and nickel were estimated in 
duplicate. This gives a time for each duplicate estima- 
tion of under 6 mins. This was done without any 
attempt to cut the time to the minimum, and the 
allocations for some of the operations were very generous. 
With two operators the times can be very much reduced. 
Apart from capital costs, the only outlay is that for 
plates and developer. With twelve samples on a plate, 
the cost per sample is under 2d. 

(2) Sample Easily Prepared.—There is no need to 
drill ; hence the hardness of the sample does not matter. 

(3) A Permanent Record is Obtained.—At any time, a 
plate may be looked out and measured for some element 
not originally checked. 

The disadvantages or limitations cover the following : 

(1) The method can only be applied to the estimation 
of elements whose log-ratio curves have been determined. 
For maximum accuracy, the curves should have been 
determined from standards of roughly the same type 
as those to be examined. 

(2) There is a distinet top limit to the amount of an 
element which can be determined. These limits have 
not been explored, but it is doubtful if silicon in excess 
of 3°, can be estimated with reasonable accuracy. 

(3) The area which is sparked is so small that unsatis- 
factory results are obtained from non-homogeneous 
samples. If the homogeneity of the samples is in doubt, 
recourse must be made to the composite spark method. 

(4) The method, as at present practised, is not 
applicable to drillings. 


Meeting the Raw Materials Supply 
Position in Grey Iron Foundries 
By THE Cast [Ron Sus-COMMITTEE OF THE TECHNICAL 
COMMITTEE OF THE INSTITUTE OF BRITISH FOUNDRYMEN. 
"THis report has been prepared in an effort to assist 


foundrymen in maintaining quality of output 
while meeting the supply position by using lower-grade 
raw materials. It is based on experience in meeting the 
changed raw materials supply position, and includes 
a number of examples taken from practice, such as 
trench mortar bomb bodies, coupling castings, and 
centrifugal casting, in which higher phosphorus cast 
irons are used than was customary. 
The restrictions in low-phosphorus materials have 
largely been met by : 
(a) Substitution of hematite by low-phosphorus blast- 
furnace pig-iron with P about 0-4°,, resulting in general 
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increase in phosphorus. If the proportion of hematite 
in the charge did not exceed 30%, the resulting increase 
in P was only 0-1%, and this rarely caused any difficulty, 

(b) Replacement of hematite by refined pig-iron. Low- 
phosphorus refined pig-iron is obtainable at a premiun, 
and it has been possible to maintain castings at the same 
phosphorus level as before, while at the same time 
dispensing with the use of a certain amount of steel 
scrap. The use of very low-phosphorus refined pig iron 
is discouraged, and a slight increase in phosphorus, as 
indicated in (a) above, can usually be tolerated. 

(c) By careful control over the metal mixture, and 
especially over carbon and silieon contents whereby the 
deleterious effects of phosphorus on mechanical pro- 
perties may be eliminated or counterbalanced. The use 
of late silicon additions is strongly recommended. 

(d) By giving careful attention to improved methods 
of running and rising—e.g., by the increased use of 
feeding heads, by the adoption of new running methods 
incorporating “* atmospheric. feeding * and special types 
of feeder gates. 

(e) By adopting centrifugal casting methods wherever 
practicable. 

(f) By careful attention to pouring temperature. 

(g) By the correct use of denseners. 

The points are elaborated in several examples, which 
are discussed in some detail. 

The Sub-Committee consider it very difficult to make 
suggestions as to methods to be adopted if supplies of 
low-carbon and/or low-phosphorus materials become 
further restricted, particularly as the extent to which 
this has been carried to date varies so much in individual 
foundries. Some of the suggestions offered below may, 
therefore, have already been widely adopted, and should 
have been if not. Moreover, some-of the possibilities, 
such as partial Bessemerising, are impracticable, owing 
to the difficulty in obtaining the necessary plant, while 
labour supply difficulties may also prevent or limit the 
adoption of other suggestions. 

Special attention is directed to the suggestions given 
above, indicating how restrictions in low-phosphorus 
materials have been met. Other recommendations are : 

(1) Careful scrutiny of specifications by buyers to 
ensure that a higher quality of iron is not demanded 
than is absolutely necessary. 

(2) Study of gating and feeding methods, particularly 
the latter, to ensure adequate supply of liquid metal to 
prevent porosity in heavy sections, and, combined with 
this, the use of denseners, and attention to moulding- 
sand conditions. In short, the establishment of a high 
standard of foundry technique. 

(3) Maximum use of furnaces, such as electric and 
rotary, and the extended use of these furnaces for 
duplexing. In these furnaces there is no carbon pick-up 
and nearly always a reduction in carbon content, and 
generally much higher test results are obtained. 

(4) Manufacture of own refined pig-iron from local 
steel scrap which is of such a type as to be unsuitable 
for direct use in mixtures. This should be restricted 
to extreme cases, owing to fuel consumption involved. 
Where briquetting plants are available, these should be 
used to the utmost, and low-phosphorus borings segre- 
gated for briquetting. 

(5) Close cupola control, including ensuring that 
cupola is working .under “optimum” conditions 
(incidentally effecting fuel economy thereby). 





Jury, 1943 


(6) Segregation of different qualities of foundry scrap 
for remelting and avoidance of contamination of low- 
phosphorus mixtures by either high-phosphorus foundry 
scrap or high-phosphorus cupola charges following closely 
on low-phosphorus charges in the furnace. In certain 
foundries it might be possible to run high-phosphorus 
and low-phosphorus irons on alternate days. 

(7) A reversion to the older method of getting good 
castings by concentration on silicon control, running 
varied silicons to suit different thicknesses of castings, 
as distinct from the more modern way of using a low- 
phosphorus, and possibly low-carbon, iron which will 
suit a wide variety of sectional thicknesses. 

(8) The use of late silicon additions (** Inoculation ”’) 


History and Education 
By G. L. Harpacu and J. R. Horton. 

HIS subject of industrial education is very complex 

and controversial, but there is no doubt that, as 
far as the foundry is concerned, there is need for con- 
certed action likely to encourage the most suitable type 
of learner or apprentice to become associated with this 
section of industry. In this paper the author discusses 
preparatory education, dealing briefly with the develop- 
ment of methods employed in this country for ele- 
mentary, secondary, and technical education. A scheme 
is outlined for the education of children from eleven years 
old onwards. 

The authors consider that at the age of eleven a 
competitive examination for secondary scholarship can 
be set as now, but based on the revised elementary course. 
It should not represent a criterion of the factual know- 
ledge contained in eleven-year-old brains, but rather of 
general ability, designed to test the quickness and 
initiative of the brain with a view to absorbing further 
knowledge. Those who continue at elementary schools 
(unless at, say, thirteen years of age marked ability 
merits transfer to the secondary course) will be taking 
a job in four years’ time and their studies should now 
lead towards that goal: Practical mathematics, com- 
petence in handling figures and a knowledge of accounts, 
the mechanism of Government and social services, with 
discussion of the types of job the child may take, with 
particular reference to local trades and what they entail. 
Emphasis should be laid on practical subjects : wood 
and metal working, brick-laying, painting, decorating 
and plastering, gardening, general repair and main- 
tenance, etc. Include such theoretical knowledge as will 
be useful to the child and make of him a budding handy- 
man, so that whether he become a clerk, “bus-driver, 
or foundry apprentice, his hands will have learned to 
co-ordinate with his brain, and he can apply some of 
his schooling in his new job. Also, he will have gained 
the basis for some hobby or spare-time occupation that 
will increase his value to himself, his home and the 
community at large—i.e., he will have received some 
training for le’sure. 

Secondary education should also follow similar lines, 
with the main difference that the final product must be 
able to enter a more varied field of occupation, in 
accordance with the extent and contrasts in the type of 
knowledge required. The academician, artist, pro- 
fessional, technical and administrative classes all lead 
from secondary education. None of these must lose 
touci: with the realities of a competitive existence, but 
the egree of specialisation must be intensified and must 
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involve a segregation of the boys according to the career 
they intend to follow. The choice of this career cannot 
be made without a conference between parents, teachers 
and children, bearing in mind evidence of the boy’s 
particular bent and progress throughout elementary and 
secondary school. 

For the first three years of secondary education all 
can follow a general course until this conference takes 
place. Then, at the age of fourteen, sufficient kndwledge 
of the child’s ability and tendencies should be available 
to allow him to commence the vocational stage of his 
training. It is not the object to turn out a finished 
article at seventeen years of age, capable of entering 
fully qualified into an industrial position, but it is 
desirable to produce a recruit who has absorbed the 
fundamentals underlying his position, and who will be 
able to continue his part-time and evening studies while 
keeping pace with his works’ practice. This in contrast 
to the present-day student needing to concentrate unduly 
on the technique of a new job and often overloading 
the brain with studies at night-school. 

The second part of this paper is concerned with 
industrial education and after discussing the more 
general outline of a scheme reference is made to its 
application. Thus, the authors consider that the 
apprentice should have the run of the shop before 
settling down to a specified class of work. Apart from 
developing his skill as a moulder, this is to retain his 
irterest. For instance, the foundry on heavy, medium 
and light castings needs no investigation from this 
point of view, but increasing mechanisation and special- 
isation are tending to direct the industry into mass- 
production channels, using a higher proportion of 
unskilled labour confined to one class of work ; the light 
repetition fcundries—moulding machines and green sand, 
for example. Work here is monotonous and fatiguing, 
variety and scope for learning are limited, yet this 
industry will also need boys. However, opportunity for 
learning should be as wide as the class of work will allow, 
and encouragement to enter and remain in the industry 
will rest on three points: (1) This class of work tends 
to need more executives than the more general foundry, 
and chances of promotion are proportionately greater. 
(2) Betterment of working conditions should include 
rotation of labour (more feasible in light repetition work) 
and more frequent rest and recreation periods. (3) An 
impartial time-and-motion standard basis of payment, 
enabling the operatives to earr « basic living wage with- 
out urdue fatigue. 

This paper can be regarded as an interesting con- 
tribution to a subject which bristles with difficulties. 


Hot Tear Formation in Steel Castings 
By CHARLES W. Brice. 
EVELOPMENTS in the inspection of steel castings 
have caused greater attention to be given to the 
production of sound castings. Occasionally defects in 
the form of cracks are found. These cracks have a very 
irregular and jagged appearance and, as the fracture 
face is quite oxidised and shows a heat effect, they are 
known as hot tears. Because of the general occurrence 
of hot tears they have been divided into two groups— 
external and internal. 
The external hot tears are so-called because the crack 
defect can be plainly seen on the surface of the casting. 
The crack first opens on the surface of the casting and 
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proceeds inward, Such a crack has the appearance of a 
tear; that is, the face of the crack is ragged. The crack 
is wider at the surface and is uninterrupted in depth, 
and in some cases may traverse the entire section. 

The cracking or the failure of such a casting could be 
considered comparable to the failure of a test specimen 
under load at a high temperature ; the cracking begins 
at surface irregularities, sharp corners, changes in 
section, and the like, which serve as points of stress 
concentration. The stresses active in their formation 
appear to be tensile or shear stresses. 

The internal hot tears are found near the centre of 
the section, or that portion of the section where there is 
a pronounced hot spot or where solidification takes place 
last. They are of a decidedly ragged nature, usually 
with branches. They have no definite line of continuity 
and nearly always exist in groups. These tears seldom 
terminate at the surface ; in fact, most of them do not. 
When they do appear at the surface, they are usually 
very small and difficult to locate. Upon exploring them 
downward, they will be found to branch out and become 
more pronounced. 

The internal hot 
dangerous type, since they may be present in a sect‘on 
the surface of which is without defects. Their presence 
is not realised until they are uncovered by machining 
or disclosed by radiographic examination. In some cases 
they have been treated with indifference, the attitude 
being that what cannot be seen cannot be considered as 
harmful. However, it is well substantiated that internal 
hot tears present in a casting in service may extend 
until they traverse the section. In so doing, they render 
the casting unserviceable, for example, a pressure casting. 

The author discusses many aspects of these two 
groups of hot tears and considers that the best method 
of preventing them is to keep hindered contraction 
stresses to low values. Measures to be taken to prevent 
hot tear formation include : 

(1) Stresses that result from the hindered contraction 
of castings due to high-strength moulds and cores 
should be kept at a low value. Do this by using relieving 
blocks or friable material in the backing sand, or by the 
use of low-strength sand for the cores as tested at elevated 
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temperatures. 

(2) See that castings are so designed that they will 
not be closed, stress active systems wherein temperature 
gradients may be responsible for large stresses. 

(3) Make ample allowances for solidification con- 
traction so that every section may be well fed. 

(4) Produce high-quality steel of low inclusion content 
and of proper inclusion type. 

(5) Apply proper chills to changes in sections to 
prevent hot-spot formation. 

(6) Use ribs, or cracking strips at places to assist in 
preventing stress concentration. 

(7) Keep the pouring temperature consistent with the 
steel casting design. 

The Continuous Production of 
Manganese Steel Castings from a 
Tropenas Converter 
By L. W. Bouroy, A.M.1.Mech.E., and J. Hix, Assoc. 
M.C.T. 

HE problem considered in this paper is the pro- 
duction of manganese steel for light castings made 
on a continuous casting plant by the cupola-converter 
process, without the use of a holding furnace. It was 
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necessary that batches of steel be delivered to the 
pouring station as and when needed to suit the moulding 
production. 

The authors discuss methods for producing the stee!, 
and explain why the use of a converter was favoured. 
The operating conditions are considered, and a descrip- 
tion given of the converter plant. Tests were carried 
out to determine the effect of the metal composition on 
the blow on silicon, manganese and carbon, while factors 
influencing the converter blow are discussed, including 
the condition of the lining and tuyeres and the blast 
pressure and volume. Attention is directed to the 
cupola practice employed and to the mixing of the steel. 

The whole production of molten manganese steel is 
described, and metallurgical consideratiors are discussed, 
in addition a schedule is given showing the material 
consumed in producing 10 tons of the metal having a 
manganese content of 12-5°%. The authors state that the 
initial capital outlay on a plant of this type is con- 
siderably less than in an electric furnace installation 
capable of a similar output. With the converter process, 
as already stated, it is not possible to remelt the whole 
of the scrap produced and a market for the excess must 
be found. The total scrap in this plant, including sprue 
and waster castings, amounts to approximately 25° of 
the metal poured—that is, in producing 10 tons of 
manganese steel, 2-5 tons of scrap will be produced. 
Of this, rather less than 1 ton can be re-used in the 
process, but there is a demand for this scrap for other 
purposes. 


A Wartime Steel Foundry—Some 
Problems and Developments 
By E. D. WELLS and A. JoHNson. 

ie presenting this paper, the authors have drawn 

their subject matter from practical workshop 
experience over the last few years. During the war, 
particularly, they have had little opportunity for genuine 
research. The requirements of war production have 
meant that speed has become so much more important 
than before in the development of either a new material 
or a new method. Under more normal conditions time 
is available to confirm results at each stage of an experi- 
ment before progressing to the next. but during wartime 
it is very rarely that circumstances have permitted such 
a thorough but often lengthy procedure; thus in a 
foundry, tackle has often been specially prepared for a 
method which, though it may appear promising, is far 
from proved. It is in this atmosphere that the authors 
have worked since the outbreak of war, and, therefore, 
they feel that little apology is needed for the very 
general nature of the subject matter and for the lack of 
figures and definite data. 

Several aspects of cupola practice are discussed, and 
some attention is given to possible developments of the 
Tropenas converter process The results of some experi- 
ments on desulphurisation in basic lined ladles are con- 
sidered as well as other experiments relating to lining 
with unfired and fired bricks. Attention is directed to 
the great development in steel castings production by 
the introduction of the “ whirl gate” head principle. 
Some of the advantages resulting from the use of this 
method include :— 

(1) A great saving is made in the cost of oxy-acetylene 
burning and grinding, due to the better positioning of 
the heads and the small ingates which can be used. 
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(2) An increase in yield of casting from liquid steel 
can often be obtained by feeding two, three or four small 
castings from one centrally placed whirl gate head. A 
head so placed forms a first-class reservoir of hot liquid 
steel, the very opposite to what was achieved by the 
older method of using many small heads, few of which 
fulfilled any useful purpose. 

(3) By taking advantage of the temperature gradients 
of the steel, smaller heads may sometimes be used than 
is possible under the old system, where a great mass of 
riser may be needed to counteract the fact that the 
hottest steel is near the runner—possibly at the bottom 
of the casting—and the coldest steel is in the head 

(4) Cleener castings are produced through the v hirling 
motion of the steel in the head keeping any sand washed 
in by the runner in the centre of the head and out of the 
casting. 

Other problems discussed concern sand practice and 
methods of dealing with dust. Arising from their con- 
sideration of two latter the authors 
comment on two possible developments : the increased 
adoption of synthetic sand practice with particular 
reference to the use of a single sand process, and the 
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hydro-blast ing of castings. 


Welding Stainless Steels 


THE problem of choosing the right arc-welding electrode 


for the stainless or heat-resisting steel is 
sometimes the different 


varieties of this type of steel now used in this country 


welding of 
confusing because of many 
The various types include the pearlitic stainless steels 
containing 12-16°,, chromium: the ferritic 
steels which contain 16—30°, chromium, with carbon of 
the order of O- 1°, : austenitic stainless steels containing 
a minimum of 18°, chromium and 8°, nickel; and 
high nickel-chromium heat-resisting steel, in which the 
nickel and chromium contents vary from 25-20 to 15-80 


stainless 


chromium-nickel. 

By the addition of small percentages of 0‘ her elements 
to the austenitic stainless steels, the range of corrosive 
agents to which this basic composition is resistant can 
be greatly extended. In consequence, there is a great 
variety of materials which, together with the use of 
specific trade names by different manufacturers, means 
that there may be some difficulty in choosing the correct 
electrode to match the basic composition. In this respect 
help is given in a new publication by means of a table, 
in which various branded steels produced are classified 
according to a recommended electrode. This publication 


is issued py Murex Welding Processes, Ltd. 
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The Place of Scientists in the Community 
The Editor, METALLURGIA. 


Sir,—Most scientists find themselves in agreement 
with the pleas which are now being made that the 
scientific effort, so effective in the war, shall not be 
allowed to cease when peace returns, but shall be applied 
to the serious problems which will arise during recon. 
struction, and after. It is certain that if, in this small] 
island with its limited material resources, we are to 
maintain our existing population with its present 
standard of living, scientific and technological research 
will be required on a scale not yet envisaged. Many 
responsible scientists, however, view with concern 
exaggerations which often accompany reasonable claims. 
From time to time statements are made by individuals, 
or by organisations, professing to speak for Science, that 
if some fraction of the national income were allocated to 
scientific research, and if men of science were given a 
position of authority in the affairs of the State, the com- 
munity would find itself in what is usually described as 
“an age of plenty.” It is unfortunate that such exagger- 
ations should be disseminated when schemes for future 
reorganisation are being discussed. To mislead the 
community as to its available resources can only foster 
illusions and bring disappointments which may be 
disastrous both for it and for Science. While we may hope 
that the improvement in our material comforts, which 
has marked the past 50 years, will be continued by further 
applications of scientific methods, the fruits of research 
sometimes ripen slowly and our material resources during 
the post-war period cannot be vastly greater than those 
we now possess. Because of the time-lag in the applica- 
tion of research, it is important that immediate prepara- 
tion be made for reconstruction. 

The claim that the scientist, as scientist, is entitled to 
some position of exceptional authority in deciding the 
policies of governments, is one which cannot and should 
not be accepted in a democratic community. Social 
problems are too complex to be solved by any one type 
of mind. The man of science can give valuable asistance 
in solving problems facing a society by searching out the 
facts and, on the basis of the facts, suggesting remedies. 
He could profitably be consulted more frequently than 
has been the case. When, however, his advice has been 
given, his duty as a scientist is at an end. No social 
problem can be solved solely by the methods of Science ; 
not only material but other values are involved, and it 
is for the community, of which the scientist is a member, 
to weigh the different factors and make a decision. 
A scientific and soulless technocracy would be the worst 
form of despotism. 

Yours faithfully, 

Rospert H. Pickarp, 
Chairman, Joint Council of 
Professional Scientists. 

ALEXANDER FINDLAY, 
President, The Royal In- 
stitute of Chemistry. 

W. L. Braae, 
President, The Institute of 
Physics. 

June 21, 1943. 








